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In my lifetime there have 
been some pretty epic 
celestial events, arguably 
the most spectacular of 


These periodic visitors to 
_ our Solar System trailblaze 
their way around the Sun, 
occasionally putting ona 
iee4p ia) ele) ieee leach acre 
indelible mark on human history. 
It's been nearly 30 years since Halley's comet 
last made it's pass, lighting up the night sky 
long after my bedtime - I distinctly remember 
stomping upstairs to my room, thinking that I'd be 
in my eighties before I got to see it again. Luckily, 





_ ll years later the cosmos put on what became 


one of the most impressive spectacles in living 


-memory,as the great comet Hale-Bopp blazed 


across the Northern Hemisphere. Itremained 
ssl to the naked eye for an incredible co 





eh aT Teen 


which have involved comets. 


months, before it headed back out of the Solar 
System to continue its millenia-long orbit of the 
LULPB ETAT e TA ol eR) ITAv Leh ee aRb Neel e Re) mle ey IC ae 

Hale-Bopp is my observational highlight of 
recent years, but for many this will be outranked 
by 1994's comet Shoemaker-Levy 9, whose orbit 
was also changed by our Solar System's biggest 
planet, this time to catastrophic effect. On the 
20-year anniversary of this memorable collision 
between gas giant and speeding comet, All About 
Space tells the epic story of its discovery (on page 
41) and speaks to one of its co-finders, the amateur 
astronomer David Levy. 

[t serves to remind us that, despite the almost 
incomprehensible evolutionary timescale of the 
cosmos, our night sky is still changing and is so 


_ vast, even a lowly backyard amateur can make a 


monumental contribution to astronomy. 


Boos 





oe was ne amazed’ 
Ck eg Mar ES 


Evie Se 


w If Crookes hada 
billion dollars, he'd 
spend iton his own, 
personal, giant 
Cesare) 8rd 
mle ere oe) 





Gemma Lavender 

| esac 

0 eee 

fondly on the day 

ae =Total 
F ( Sputashowon 

i ME aie 





i si rrow 


@ It tookmost 
me) EES 
brain power to 
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COU aa eye ee ir ay 
WITH THE UNIVERSE 


From technology 
to astronomy and 
space exploration: we've 
hunted down another 
stunning selection of 
images this month 


Impossible 
stellar ¢ giant 


Read all about R1l36al, the massive star 


that science can't explain 






See the galactic monster that lies at 
the heart of the Perseus cluster 


What could be hiding in the strange 
cave we've found on the Moon? 


20 Ground- 
break 





Vital technology and science that has 
unlocked the universe's secrets 


Impact on 
Jupiter 
What happened when a massive 
comet hit the gas giant Jupiter? 
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Discovering 
a comet 


David Levy tells us about his r ' 








discovery on the 20th anniversary of 
the Shoemaker-Levy 9 Jupiter impact : 





Deep-orbit 
observatory 


How to use the Sun as a giant lens 


Billion-dollar 
telescopes 


What will these enormous and 
immensely powerful telescopes see? 


Total solar 
eclipse 
Facts about the upcoming eclipse of 
spring 2015 that will blow your mind 










Outer space 

quarantine 
Why does the Planetary 
Protection program need to save 
us from germs? 
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Why 3D printing could be the 
answer to space construction 
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Artificial 
star 

If the ESO needs to see a Star, it just 
makes one itself... a 
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») “We knew as soon as we found out 
@ there was going to be a collision 
a Sy that this would be a historic comet’ 


ea A 465: David Levy, 


Shoemaker-Levy 9 comet co-founder 
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PA Crretinles “4 STARGAZER 
breaking Astronomy tips and advice for 
stargazing beginners 


discoveries eal emer 


Discover a compact and cheap 
alternative to telescope astronomy 


Meteor shower 
ewing 
The best way to watch one of the most 


exciting space events from Earth 


What's in the sky? 


Where you should be looking and what 
to see over this month 


Me and my 
telescope 


A fantastic selection of astro images and 
stories from our readers 
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Colourful neighbour Fs 


ell] s) [cle MOM Ricci gr Reece lte em eat mel eRe michele cece) Ame 
the Milky Way, the SMC (Small Magellanic Cloud) certainly makes for spectacular 
viewing through the eye of a space telescope. A region designated NGC 602 
can be found in a part of the SMC known as the Wing, which contains three star 
clusters of particular interest to astronomers because they mimic the conditions 
gE LM Ua ge eee ele eR meer A ee 
This image is a composite of several taken in X-ray, infrared and optical, by the 1 
Chandra X-Ray Observatory, Spitzer and Hubble respectively. , 
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LAUNCH PAD 


YOUR FIRST CONTACT WITH THE UNIVERSE 





Solar glitterball 

SU ieee time lemme] <0) eels) lr eee eat ce a ee) 
wavelength of 171 Angstroms. It's not a single image of course, if it 
were, we'd probably be experiencing some pretty major solar-related 
atmospheric events here on Earth! This is a composite of 25 individual 


images that span a year, from April 2012 to April 2013. The bright spots 
of this solar glitterball reveals most active regions of the Sun. 
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Jeffries tubes 


ean eee Pee Ce (eer) 

Space Station - or at least, down time 

(em tp eee eee 8 ere 

been turned out in the ISS's Destiny 

. Rl ee Cle while it’s not being used to 
- Save energy, turning it into something 
iat looks not unlike a starship crawl- 
space of a certain famous science- 
fiction series. The green lights on the 
left-hand side hatch point to where the 
ele) tra eye eae es belo le (cee er ee) 
Flee 








This is the charred interior of the 
Apollo/Saturn 204 command” 
module. On 27 January, 1967, a 
worn bundle of wires sparked a fire 
alten ee Meet CR Cre et 

in the module. In the oxygen-rich 
environment, the fire spread " 
rapidly and quickly exhausted all 
TMS] ele adic ae 
fe] diac -e dee eee ciie =e 

the poor design of the hatch made 

a quick escape impossible, and 

ie Reece ee el eee eee eee 
Roger Chaffee all died. As a direct 
CLIO Mela mae {leh 18) |e 
eter Ae eee ekg eR lee) 
overhauled. In honour of the three - 
LSU Aeon eee) ee eel 
was renamed Apollo 1. | 
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Life on Mars 
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YOUR FIRST CONTACT WITH THE UNIVERSE 
“The most likely 


cause of this 
anomalous 


feature in the 


protostar is 
elem =.¢ecseelo 
violent winc 
OOo eaale 
particles” 


meteorite mystery 








stellar nursery 
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ESA astronomers discover clues to the chemical origin of 
Solar System meteorites in a distant Sun-like star 


Using data from the Herschel Space 
Observatory, scientists have been able 
to unravel a Solar System mystery that 
has baffled them for some time. 

Beryllium-10 is an isotope that's 
highly unstable and quickly breaks 
down into other, more-stable forms. 
It’s neither created in the heart of a 
ie Vm e) em coe O)nn nL ee 
huge energies found in a supemova. 
Yet evidence of this rare isotope 
can be readily found in samples of 
pitse) eC me)n Olan 

Scientists surveyed a protostar 
found in the stellar nursery OMC2 
FIR4, a small cluster deep in the 


|B 


Orion nebula, and discovered 
something unexpected in its chemical 
composition. The high temperature 
of -200 degrees Celsius (-328 degrees 
Fahrenheit) had created a much 
smaller proportion of what scientists 
refer to as chemical species: two 
compounds, one based one nitrogen 
and the other on carbon and oxygen. 
This could have been explained 
by temperatures approaching the 
absolute chill of deep space, but 
Cee ewe Mette eee nen els 
should not exhibit these compounds. 
It's thought the most likely cause 
CMAN ce baler eum (celal imi ements 


protostar is a violent wind of energetic 
OE VAG om orem ented ote me) me) 
of it’s younger siblings. The particles 
in this wind break apart both 
chemical species, which keeps them 
in similarly low proportions. 

The protostar in question is in a 
stage of development that's analogous 
with the stage our own Sun would 
have been in 4.5 billion years ago. It's 
Site e lee eer maemo der net hi 
powerful wind full of energetic 
particles could have blown through 
FIMO Nemere) ebay C0) ee mel 
time. These particles would have 
collided with heavier elements, such 




















as oxygen, forming the rare element 
beryllium-10. What would have been 
a dense cloud of protoplanetary 
material coalesced shortly after 
CCE h je anata een em nS 
beryllium-lO-bearing rocks that would 
go on to become meteorites. 

This is a perfect example of how : 
astronomers and planetary scientists ' 
are often able to solve some of the 
MVE os OMe arian k 
formation, not just by examining 
objects within the sphere of our 
Sun's influence, but by looking at star 
CSM GE ee leech coment 
own was, billions of years ago. @ 
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The European Space Agency's new 
quadcopter proves its potential as the 
next Mars landing craft 
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“The team has proved the 


concept, so Dropter can be 
further developed for Mars’ 
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Works I 


With fun, easy-to-understand 
explanations and wonderful 
artwork to amaze the eye, 
How It Works Illustrated is 
everything kids love about 
learning in one monthly manual- 
sized magazine. Each issue is 
dedicated to explaining all you 
need to know about one fascinating 
topic, from ancient Rome to space 
exploration and beyond. 

Especially designed for younger 
readers, How It Works Illustrated is 
packed with interesting and engaging 
Stories about the world around us, 
along with mind-blowing puzzles, 
challenges and quizzes to stimulate 
young minds. 


The exciting first issue of How It 
Works Illustrated presents a total 
history of our planet 
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The ESA's Space Technology 
Advancements by Resourceful 
Targeted and Innovative Groups of 
Experts and Researchers (StarTiger) 
project, featuring the Dropter, has 
proved that it’s capable of landing a 
rover on a Mars-like surface. 

The StarTiger team was challenged 
to develop a precision lander to be 
effectively a technological step beyond 
the Skycrane that dropped NASA's 
Curiosity rover onto Mars. It took 
the team eight months to develop 
the craft, its navigation and hazard- 
detection systems. 

On the day, the quadcopter first flew 
to a height of 17 metres (56 feet) before 
dropping to a ten-metre (33-foot) 
altitude over a spot it had identified 
as a Safe landing site. Here the 
quadcopter began to lower the rover 
on a bridle, using a laser range-finder 
to navigate until it had safely touched 
down, then climbing higher again. 

The test site itself is based at Airbus 
Trauen in northern Germany, and is 
a 1,600-square-metre (17,222-square- 
foot) re-creation of a typical Martian 
landscape, strewn with rock hazards, 
gullies and uneven ground. 

There's far to go before the 
technology can get the green light for 
use on missions to other planets, but 
the team has proved the concept, so 
Dropter can be further developed for 
Mars or other targets. 

StarTiger brings space engineering 
experts together and challenges them 
to solve a complex problem within a 
limited time. @ 
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From the makers of How It Works: a fun 
and accessible magazine for young readers 


In issue one, How It Works 
Illustrated charts the complete 
history of the world, from the first 
spark of the Big Bang to the present 
day. You can discover how big the 
dinosaurs were, get to know the 
Vikings, as well as learn how we 
landed on the Moon. It's an ideal 
reference for parents and children 
alike, with hundreds of facts on vital 
school curriculum topics to nourish 
enquiring minds. 

Explore and discover the world 
we live in and beyond with the first 
issue of How It Works Illustrated, the 
new science Magazine for younger 
readers, on sale from newsagents and 
supermarkets from 31 July. @ 
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found 

A Utah-based observatory 

has discovered a hotspot for 
cosmic rays below the Big 

Dipper. The high-energy rays are 
disproportionately numerous, 
and astronomers think the source 
might be a blazar or a gamma-ray 
burst from a distant supernova. 


ISS su 


Spirulina, the super-nutritious 
algae, is to be sent to the ISS to 
test its potential as space food. 
The algae is not only rich in 
nutrients, but grows quickly and 
converts carbon into oxygen, so 
could be used to help do away 
with resupply missions in future. 


ping aly 


Astronomers have found a far- 
flung galaxy over 12 billion light 
years away that's effectively dying. 
ALESS65 is one of less than 20 
known distant galaxies to contain 
carbon monoxide. This gas plays a 
vital role in the life cycle of stars, 
but ALESS65 is nearly dry. 
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ae nan 
67P/Churyumov-Gerasimenko, the 
comet that the Rosetta spacecraft 
is targeting, is releasing around 
two glasses of water into space 
every second. This outgassing is 
streaming away from the comet 

to form its coma and has been 
detected much earlier than the 
Rosetta team expected. 
































Robonaut's development resulted in 
numerous spin-off ideas that couldn't 
be implemented at the time 


Roboglove 
assists _ 
Spacewalks 


Robonaut, NASA's humanoid robot 
aboard the International Space 
Station, has been helping astronauts 
out by taking care of difficult, 
messy and repetitive tasks since 

its installation in February 2011. 
Engineers are now developing spin- 
off robotic technologies to assist 
humans in other ways. 

One of these is the Roboglove, 

a glove with flexible tendons that 
can measure the application of the 
wearer's grasping force and help 
them, by assisting or resisting any 
movement. Hand strength is a major 
issue in any EVA (extra-vehicular 
activity - such as a spacewalk), as 
suit pressurisation can act like a 
balloon in your hand. This requires 
extra effort for every movement, 
fatiguing the astronaut and 
potentially injuring them. 

In turn, this technology could 
have medical applications on Earth, 
for patients whose hands have 
been restricted by disease or injury. 
It could also be implemented in 
industry, where both precision and 
strength is required. 

Another spin-off technology 
from Robonaut is telemedicine: 
although there has been no need for 
an emergency medical procedure 
on the ISS to date, in the future 
doctors may be able to perform one 
remotely. Under the supervision of 
a doctor, operators might be able to 
control Robonaut to conduct basic 
medical procedures, transferring the 
doctor's skill from Earth to space. In 
an emergency situation, this could 
save an astronaut’s life @ 
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Wiss ee nee een eme) an Bele a 
23 million light years from Earth 
has revealed its anomalous arms. 
NGC 4258 is a spiral galaxy like our 
AVE ete Omen ey 
differences. One of them is an extra 
PEO eter Mere laclC ome dale mle 
the plane of the galaxy and instead 
e(oe 8 moe eee ee) a 

OW rece em meee ent 
galactic limbs is another anomalous 
feature of NGC 4258: a gigantic 
black hole at its core. This is ten 


Mountain 
blown up 


for super 


telescope 


Summit levelling 
begins on the 
future high- 
altitude site of the 
ESO's E-ELT 


A portion of the (formerly) 3,064- 
metre (10,052-foot) summit of Cerro 
Armazones in Chile has been blown 
up in preparation of the future site for 
the ESO's European Extremely Large 
Telescope. A million tons, or 220,000 
cubic metres (78 million cubic feet) 
of rock were shifted in a controlled 
explosion that lowered the peak by 
around 40 metres (131 feet). 





Data from Hubble, 

' Spitzer and Chandra 
was used to create 

deen 
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Space telescopes pick out super- 
aro) gas feature in NGC 4258 


flmes bigger than Sagittafius A*, the 
SJE) O G00 helene) oie 
De erinhey 

The radio data in the image (in 
purple) shows the black hole creating 


Seem sie oea meee remap 


“1001 M Otter lela elemell) aire 
create shock waves. This super-heats 
the gas (mostly hydrogen) to millions 
of degrees and is then jetted out into 
EVOeetice Meme) lela m aa mel de 

OU aE CM dee ah sae lle) cel 
fatal in the short-term (cosmologically 


Vel PiaCeme Moet ii cee) 
tons of rock were 
Neh ew OCe NOR On 
mountain top 


The blast was the first of several 
steps to flatten the mountain top, 
while others will include paving a road 
to the new telescope site and laying 
a service trench. Work started earlier 
this year and will take a further 16 
months to be finished some time in 
late 2015. The telescope itself will take 
nearly a decade longer to complete and 
is expected to be operational by 2024. 


speaking) for this galaxy. NGC 4258 
has already ejected most of its gas 
and the last of it will leave within the 
next 300 million years. Without this 
gas, no new stars can form and NGC 
Pete Eee ee eee eee bale 
Data from NASA's Spitzer, Hubble 
and Chandra space observatories 
was verified by the ESA's Herschel 
telescope to estimate how much gas 
remains. The galaxy's close proximity 
to Earth has enabled experts to study 
how its black hole is affecting it. @ 


Currently the Cerro Armazones 
mountain is home to several other 
telescopes at the Cerro Armazones 
Observatory, 20 kilometres (12.4 
miles) away from the ESO's Paranal 
Observatory. The E-ELT will be one of 
the biggest telescopes in the world, at 
39 metres (128 feet), and you can read 
more about it and what it will be able 
to see on page 52.8 
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» the impossible stellar giant 
At the heart of a brilliant star cluster, 165,000 light years from 
Earth, lies the heaviest star in the known universe - a rare type 


mass of 265 Suns 


Written by Giles Sparrow 





All About Impossible stellar giant 


Just how big can a star get? Like many questions 

in astronomy, the answer depends on how exactly 
you define your terms. The biggest stars in terms 

of diameter are red giants and red supergiants that 
swell to enormous sizes as their lives come to an 
end. As they begin to exhaust their fuel and go 
through internal changes, these stars also brighten 
enormously, swelling in size as their surfaces become 
cooler and redder. A star like the Sun may swell to a 
diameter large enough to engulf Earth, while heavier 
supergiants like Betelgeuse (with up to 20 times the 
mass of the Sun) may be up to five times larger - 
reaching Jupiter's orbit in the Solar System. 

If by defining the biggest star you simply mean 
the most massive, then the answer to the question 
is very different - the most monstrous stars of all 
are hypergiants, holding many times the mass of 
the Sun. Perhaps surprisingly, a star of this kind will 
never grow to the impressive size of its red cousins 
- its gravity is so powerful that it holds it together 
against the forces that inflate lighter stars, ensuring it 
will remain incandescently hot throughout its short 
but bright lifespan. The most massive of all these 
stellar behemoths was discovered in a neighbouring 
Palaxy of the Milky Way in 2010 - a hypergiant star 
with about 265 times the mass of the Sun, catalogued 
as Rl36al. 

Fittingly, this stellar bruiser is a resident of the 
largest star-forming nebula in our Local Group - the 
Tarantula nebula in the Large Magellanic Cloud 
(LMC). Looking at first glance like a detached portion 
of the Milky Way in far southern skies, the LMC is 
one of the largest and brightest of several satellite 
galaxies trapped in billion-year orbits around the 
Milky Way. Huge tidal forces are compressing its 
copious reserves of gas and dust to trigger the birth 


om 
What if? 

If R136al were as close as 
our Sun, it would outshine 
it by as much as the Sun 
outshines the Moon 
Although its powerful gravity prevents 

it from growing quite as large as some 

red supergiants, R1l36al is still a mightily 
impressive star. If it took the Sun's 

place at the heart of our Solar System, 

it would stretch halfway to the orbit 

of Mercury and appear 35 times larger 
than the Sun in our skies. Its powerful 
gravity, meanwhile, would require the 
planets to orbit much faster in order to 
maintain their current locations - Earth 
would have to move along its orbit at 
roughly 500 kilometres (311 miles) per 
second - over 16 times its current average 
speed. More dramatically, however, the 
searing radiation from our new star would 
strip away our planet's atmosphere and 
instantly boil its oceans off into space, 
making life impossible. 





of new stars at a much faster rate than in our own 
galaxy, giving rise to the Tarantula nebula. 

Within this region, some 650 light years across, 
radiation from newborn stars excites the surrounding 
gas to glow intensely at naked-eye wavelengths. The 
Tarantula is famously so large and luminous that, if it 
were transplanted to the location of the famous Orion 
nebula, just 1,350 light years away, it would cover an 
area several times that of the full Moon and be bright 
enough to cast shadows at night. 

Inside the nebula, stars proceed to be born in 
waves as huge knots of gas condense in a runaway 
chain reaction. Radiation from the first newborn stars 
in any given region creates shockwaves that ripple 
through the surrounding nebulosity and further 
trigger its collapse into more stars. At the same time, 
the pressure of radiation blows away any material 
left unclaimed by other nascent stars. This produces 
distinctive caverns of star-formation regions with 
newborn open star clusters at their centre. 

The Tarantula has already gone through this 
process at least twice, producing two generations of 
young stars. The older group, known as Hodge 301, 
is about 25 million years old and now lies about 150 
light years from the centre of the nebula. It contains 
a couple of hundred stars, about 40 of which have 
already exploded as supernovas at the end of their 
lives (indicating that they were the cluster’s most 
massive stars and therefore aged at the fastest rate). 
The younger R136 cluster at the very centre of the 
nebula, meanwhile, is thought to be just 2 million 
years old. This means that even its heaviest stars 
have not yet had time to age and die and it's this 
youth that makes R136 a rich hunting ground for 
astronomers in search of the heaviest stars in the 
known universe. @ 





The Sun 


In the 
heart of the 
Tarantula 


Fittingly, the heaviest star we 
know of lies at the centre of the 
largest star-forming region in 
the nearby, universe 

SU iterate lelMte lima eit Ome bem Lema te)) 
neighbours have an enormous affect on their 
surroundings. By pumping out huge amounts of 
ultraviolet radiation, they excite gas atoms and 
molecules within the Tarantula nebula, boosting 
eee) etme nee mv e men om celles 
to their normal state through the emission of 
visible light. 

50 far as astronomers can tell, none of these 
massive stars has a binary companion, so we 
cannot measure their affect on orbiting objects 
directly. However, their overall gravity is enough 


‘to ensure the enormous R136 cluster will not 


eM Mel eUime Pela cowie] mee ome tll ob 
Instead, as its largest stars reach the end of their 
lives, while its more-sedate ones persist, the body 
will slowly evolve into a globular cluster of long- 
lived red and yellow stars. 


R136al 
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geri aS _» ..-.. | Astunning Hubble Space Telescope image - 
- . xe sagen Fj Ta yd offers a view of the R136 region, home to ~% . \ Pi 
; ie 5 ) the heaviest known stars. As well as R136al a. ; 7 
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All About Impossible stellar giant 


Inside the giant 


A high mass and compact size turns R136al into a super-hot stellar behemoth 


With a mass of 265 Suns, R136al is so huge that 
astronomers were shocked by its discovery = it's 
eIbe mA eee ei Mee eee ene) Le mene 
Milky Way. Two of its close neighbours in the R136 
cluster also beat the previous record-holder --the 
Pier eri urerm a s)ih eel ele 

R136al is surprising because it comes close to 
breaking the rules of stellar physics. For more 
MEME eRe etA A Mme eelee mare laments 
heavier a star is, the brighter it shines during its 
main-sequence lifetime. This isthe stable period 
of its life where it generates energy by nuclear 
fusion of hydrogen.to form helium in its core. This 
mass-luminosity relationship is driven by the two 
GCM Nes BIN RNB em Nimes 





In its last days, R136al may become more unstable 
and prone to violent eruptions as it evolves into a 
luminous blue variable star similar to Eta Carinae, 
eae Bae 


R136al has-‘much more hydrogen fuel than the Sun, 
it's squandering it much more quickly and it will 
iM OOP Olt me) ew Nea meA eee OTTO dee 

Astronomers believe this relationship puts a 
Ele eee eee er er ee le 
the mass of R136al should, they thought, generate 
SUBSEA EMM Ot Ome Mma) Ol miei 
Fle Aww ere e eee) Oe eee 
challenged conventional stellar theories, causing 
scientists to change the rules - it simply shouldn't 
exist within the previous laws. Instead, it now 
St MOi MIR mel nN OO Nr mle MOM el lier) ewe ie) ©, 
solar masses are capable of holding themselves 
together through their powerful gravity, which 
aM Oi Mem EN eee mend eee cle mee 
forcing them to balloon outwards. 

However, this makes radical changes on the other 
properties of such hypergiant stars. The amount of 
energy blasting its way out through relatively small 
SUG eee ae ee Ueno POT e TCP el eee 
Fem GM MMUlOIme Coc ee eels eRe Ce mae et 
hot gas from the surface blows away into space. This 
effect, perhaps a billion times more powerful than 
our own Sun’s solar wind, enables stars like R136al 
ORE Ee ROSE ee malo ema 
hundred thousand years. This exposes more of its 
hot internal layers at the surface, which only serves 
(oR SC ION MON VU Tem elm Glaeeloe 

Wie tl eee en Ue) beth eee eee | 
object that may have lost more than 50 Suns’ worth 
Slee ler iCer imi em ile e dele emt eel a 
exceeds 50,000 degrees Celsius (90,000 degrees 
Fahrenheit). Although astronomers have not yet 
obtained information about R136al's composition 
from a spectrum of its light, evolutionary models 
Suggest it must be a Wolf-Rayet. 


) se 2 | | 
Fusion chains and cycles 
Two different types of nuclear fusion generate the 
energy in low-mass and heavyweight stars 


The fundamental power source of all 
middle-aged, or main-sequence stars is 
nuclear fusion. This 1s the joining together 
of atomic nuclei of hydrogen (the lightest 
and most abundant element) into those 
of helium. 

Most stars build heltum nuclei by 
a direct fusion of hydrogen nucle 
(subatomic particles called protons) to 
create successively heavier nuclei that 
then merge to release helium. This proton 
to-proton chain reaction takes place 
relatively slowly, so limits the energy 


output of stars like the Sun. 


In the hot, high-pressure cores of 
heavyweight stars, the carbon-nitrogen- 
oxygen cycle dominates. Here, protons 
bind with nuclei of carbon, creating 
nitrogen and oxygen nuclei in turn, before 
the addition of a further proton breaks 
the nucleus apart to release helium and 
unaltered carbon. This CNO cycle operates 
quicker than the PP chain, enabling 
massive stars to shine brighter. What's 
more, it becomes ever more efficient at 
higher temperatures, which explains how 
monster stars like R136al can pump out 
millions of times the energy of the Sun. 


As R136al approaches the end of its life, perhaps 
2 million years from now, it will develop a complex 
layered structure thanks to internal changes that 
enable it to keep shining. Ultimately, it will die in a 
huge supernova, but the precise details of this event 
are still uncertain. It may, like less-massive stars, 
keep shining to the bitter end, becoming unstable 
EOS ieem NeW e me Teh me nn nem eer A 
the doomed attempt to generate energy from the 
fusion of iron would tip it into a Type II supernova. 
This cataclysm would be one of the most violent 
ever seen and would leave behind a massive black 
hole. Alternatively, Rl36al's intense energy could 
See Ol ene) ee ee meee leila 
supernova, in which the creation of antimatter in 
the star's core triggers a sudden drop in pressure and 
a premature core collapse. This triggers runaway, 
nuclear reactions that blow the star apart, scattering 2 
TCBNE SEE ecce neti ea rem 
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from R136al's gravity 
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EVV eee cee le 
many Sun's worth of 
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Incandescent surface 
R136al's surface is 

ater] ntelte ath le mem ge] 
eet aoe) (Oil) 
Seem ee ela 
fats ele] =e 
a white-hot star. 
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© Time bomb 
| At the heart of the dying star, a solid 
core of iron gradually accumulates. 
Attempts to fuse iron absorb energy 
rather than generate it, triggering a 
collapse whose rebound destroys the 
mee eee ee eee elles ele | 






Exposed interior 

RU ice eee el ree 
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| more of its hot interior is 
remem eye 
products such as helium, 
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Despite its enormous quantities 
__ of material, R136a1 burns fuel 
Plea RC ueeae CRs 
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| | Meade _ayered structure 
o a(t) 'A A) (2) | es As the star approaches the 
HcHeGe cM ae crn Nir eee : , end of its life, it will become 
Ree e] eect mal em aM ahs gel a" increasingly unstable, 
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neon, magnesium and silicon fusion will ey elements in shells 

lie at its greater depths. around its core. 
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By the | 
numbers 


ly 


The estimated distance of the R136al from Earth. 


5. / 


million solar masses 
: : R136al's greatest claim 

| ie to fame - its mass is 

| | | S greater than that of 
A any other known star. 


R136al's huge total 
energy output - 
much of this is 


emitted as invisible 
ultraviolet radiation. 









million years 


million km 


The approximate 


diameter of RiS6al'’s estimated age - it 
R136al is 35 times is probably about halfway 
that of the Sun. through its lifetime 


Overall mass of the R136 cluster. This is far more than 
any known star cluster in the Milky Way 


The monster star's incandescent surface 
temperature is almost ten times that of the Sun 
and enough to make it glow blue. 














All About Impossible stellar giant 


serving R136al 


Despite its brilliance, this massive star is challenging to observe 
thanks largely to its crowded surroundings 
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Seen across 165,000 light years of space, R136al's 
brilliant light dwindles to an apparent magnitude 
(brightness from Earth) that is well below naked-eye 
visibility, at 12.3. Nevertheless, it remains within the 
reach of all but the smallest telescopes - the real 
problem lies in its proximity to other stars in R136. 
In the early 1980s astronomers speculated that the 
central object known as Rl36a might be a single 
bright star with the mass of 1,500 Suns, but many 
doubted that such a monster could exist. They were 
proved right in 1985 when R136a was confirmed to 
be a densely packed cluster. 

As seen from Earth, the stars R136al, a2 and a3 are 
separated by approximately 0.1 and 0.5 seconds of are 
(a second of arc is 1/3,600th of a degree or roughly 
1/1,800th the diameter of the full Moon). Put another 
way, resolving the two closest stars is like trying to 
distinguish between two candles separated by the 
diameter of a ten pence (or US quarter) coin, over 
a distance of 28 kilometres (174 miles). While this 
might be a tiny angle in everyday terms, according to 
optical theory this is the kind of detail that should be 
resolvable through a telescope with a diameter of a 
metre (3.3 feet) or more. 

The problem lies in Earth's atmosphere, which 
complicates the theoretical behaviour of light in 
unpredictable ways. Moving masses of air act like 
tiny lenses, bending and warping the path of light 
rays, While blurring and shifting the images seen 
from the surface. This is the phenomenon that 
causes Stars to flicker and twinkle in the sky, while 
on long-exposure photographs it causes the images 
of stars to smear out from points into fuzzy-edged 
discs. Even at mountain-top altitudes, above most 
of the atmosphere, it reduces the resolving power of 


even the largest telescope to about 0.5 seconds of arc, ® Connected telescopes 
blurring images of Rl36a and making its individual Manin rretati tien ae) 
stars indistinguishable. , tunnels enables the telescopes 
In the past decade, astronomers have finally to operate together as a single 
started to overcome this problem using the ingenious Tas eee 
technology known as adaptive optics (AO). The sete ee 


principle is simple - adjusting the configuration of the SS aS Ts ian ede ap a a 
telescope itself to correct for changing atmospheric The VLT sits at an altitude of 2,635 metres eee 
turbulence - but putting it into practice requires huge (8,645 feet) in one of the world's driest deserts, 
amounts of computing power. giving it a fine view of the southern skies, 

It was the adaptive optics system on the European Peete Celateen Ca Erie hai eh ete 
Southern Observatory’s Very Large Telescope that 
enabled a team of astronomers led by Paul Crowther 
of the University of Sheffield to produce the first 
resolved image of the cluster’s heart. Based on the 
brightness of its individual stars, and a comparison 
with a relatively nearby monster star with better- 
known properties, the team was able to calculate 
R136al's physical properties. They revealed the 
secrets of what remains (for the moment, at least) the 
heaviest star in the universe. @ 
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cluster to refine their estimate of R136al's mass 


Weighing a ‘giant 


mnfirmation of R13 S mass came 
from images . data ee ec mare using the MAD 


adaptive optics instrument on ESO's Very Large 
lelescope — s system monitors the appearance 
of a guide star very close to the target object in 
the sky, an h 'siny sie atmospheric changes that 
distort its image from moment to moment 
This information is then used to drive tiny 
motors that deform two small mirrors alo 
the telesc opes overa I] lig! It Dal h, correc ine ‘ie 
igin. ‘ distortion to produce sharper images. 
Nevertheless, Rl .6al and its neighbour az are only 
just distinguishable from each other in this near- 
infrared image 
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Focus on Behemoth galaxy 
BCE ween per ey 


Ly 
Ca 
c | 
cd 
? = 
ae 
* Pied 
- 
it 
= 
| 
' a a 
a 
= 
cd 
= ni 
rt y Fy 


At the heart of the giant Perseus cluster » a 


lies a monster of a galaxy 


It seems appropriate that one of the most massive 
known objects in the universe, the Perseus galactic 
a itC een CO)E OMT ems -Mnle)nn -mCe ected abl leh miles 
galaxy at its centre. The giant elliptical NGC 1275 is 
230 million light years away in the constellation of 
Perseus and actually consists of two galaxies - one # 
Pee Oe ee See lee 
known as a high-velocity system. 
These galaxies seem set to collide and are matey tats 
towards each other at 3,000 kilometres (1,864 
miles) per second. This Hubble Space Telescope 
image shows filaments of cool, mainly hydrogen 
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hs surrounded by gas measuring tip to55 million % |. % . 
degrees Celsius (100 million degrees Fahrenheit)in . =... 


ee UC eV O TOOT eece) ner ae - 
The Perseus cluster has recently come*under the ' 

spotlight of astronomers because it's the source of a ” 

PEE Ores el RG aeei el mmr -mee) one i cen) eee 

ordinary matter. It's thought that an exotic particle 

called a sterile neutrino, which is related to dark 

matter, could be responsible. Study of the Perseus 

cluster, and other massive objects in the universe like 

it, is giving scientists a better idea of the nature of 
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_ dark matter. @ 
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. galaxy NGC 1275 in searing-hot, X-ray- 
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Ul atelaee haters 


Lunar caving 


We're ready to explore a cave recently found on the Moon - but how do we do that and what will we find? 


It seems appropriate that, having left our caves over 
MONO alee Om OM ON meee LeD Mem On ece Main oman T = 
quality of life for our species, we'Te now looking to 
return there for more or less the same reasons. This 
isn't on Earth of course, but on the Moon. 

In 2009 a team of Japanese researchers led by 
Junichi Haruyama discovered a hole in the Marius 
Hills region on the near side of the Moon. This area 
is known for its ancient volcanism and is lined with 
long channels known as sinuous rilles. It's thought 
dita Ue OST eM MEN CMOe Menem deli t me) nm ans 
surface or through lava tubes. 

WWatom ae le ee eee cele enin mce em elie 
about - evidence of this kind of geological activity 
can be found on other planets in the Solar System, 
including Mars. This hole is something special 


How to explore 
a Moon cave 


Ane) et i em LPM a DOO er mee mere meh men inlerce 
of a meteorite or comet. After imaging the hole 
several times the team was able to calculate that it 
was 65 metres (213 feet) wide and 88 metres (289 
(eee meee eee meee 
wide, dimensions that are impossible for an impact 
SECM Nem meee Mme tmnt een Oa mer eC eae 
long-extinct volcano, because there's no evidence of 
either ash or lava around the hole. This had to be the 
entrance to a cave, most likely a tunnel collapse on 
a lava tube with an estimated 370 metres (1,214 feet) 
of tunnel extending either side of the opening. 

lem Oi t-te eek e) pm On my lee) p en UO Obl om eyes 
deal? Let's set aside the insatiable desire we have 
for exploration that drives us to poke our noses into 
MAI e Eee POOLE eee mee] mem Le) 


space in the first place) and look at the scientific 
merits of sending a mission to this phenomenon. 
This cave could be a bit of a geological 
wonderland, giving us an unprecedented insight into 
the inner workings of the Moon, where hundreds of 
kilometres of these tunnels carrying rivers of lava 
ran beneath the lunar surface billions of years ago, 
emptying into the vast maria we can see from the 
Earth. It's possible that, since the lava flows have 
cooled and solidified, emptying out of the tubes, 
research into their formation could be conducted to 
Fe GC MGM e ec e mes meee irl meee 
The Moon has no atmosphere, oceans or any life 
to disturb conditions in the lava tubes, so makes a 
better analogue to Mars than similar tubes found on 
Earth. Ultimately, investigating this lunar cave may 


i. , I lalelse 
em dese te) 
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a m6 =e 
aspects of the Astro 
eileen le ater ae 
| near enough to the opening to 
| make it viable to the robots, 
| without actually landing in it, 
Pel eRe em aem lec) 
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» Lunar caving 


| 


better prepare us for an investigation into whether 
lifé could have existed in comparable tubes on Mars. 
Wate a CONDO e ee UN Omens] Amer h ene lUr mtn 
places and provide an ideal plot for a lunar base. 
* The surface of the Moon is regularly bombarded 
with radiation and fluctuates wildly in temperature, 
from highs of over 100 degrees Celsius during the 
day and lows of less than -150 at night (212 to -238 3 
Ves: Get The rover could communicate 
degrees ee aa the lunar Se le) hs eR ST 
Dames) nim nicl ce mechs DPN ESimee (oe Uk me On) mec heme ne possibly interact with an 
solar radiation. Just two metres (6.6 feet) down, the orbiter around the Moon. 
temperature levels off to a fairly constant -30 to -40 enabling mission control to 
degrees Celsius (-22 to -40 degrees Fahrenheit). You elt eee 
might think that we could dig this hole ourselves, Were] Teele ee 
of course, but setting up a construction site on alee Cilla 
the Moon with a view to excavating an enormous 
volume of lunar rock is a challenge for future 
generations of space engineers. So why bother, when 
GuLJcom POTTS s Meee OO Meh ure (omer emer de 
under our very noses? @ | 
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Robot spelunker 






Ree tare 
The main robot in this 
mission will drop down 
through the skylight into 
dat=m ae) =e) eer l ay mela 
EB MUE eel ie eee ce, 
CNH SMV eee 


® Communication 
eee Meee) mar cele 
will block higher-frequency 
meal ee 1tel am alan Ete ee |W is 
and mission control, so the cave Before we pack up the camping gear and send 
radio transmits at a very low rate. an expedition to create an outpost on the Moon, 
eee eR OR Uae) lp we'll need to scout out Haruyama's cave - with 
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robots of course. These tunnel systems can't 

be seen from orbit, so pose an unknown and 
unacceptable risk to any expensive expedition 
using astronauts. Technologically speaking, we'Te 
practically ready to send a robotic probe into the 
cave, however. 

Pittsburgh-based private space exploration 
company and Google Lunar XPRIZE competitor 
Astrobotic already has a mission in development, 
scheduled to drop rovers on the Moon that will 


then explore Haruyama’'s cave and any others 


like it. These will relay data about the cave to 

the surface and from there back to Earth. From 
this data, we should be able to construct a three- 
dimensional model of the interior as well as 
determine whether a manned mission is feasible. 
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In the last 500 years our knowledge of the universe 
has increased almost exponentially. Nicolaus 
Copernicus was the first to formally introduce 

the idea that the Earth might orbit the Sun, and 
ELMeeLtdem cease ele) nmi cm n le MTN ede lc kG 
accepted, the accurate record-keeping of astronomer 
Tycho Brahe enabled Johannes Kepler to finish the 
theory. In 1609 Kepler proved, for the first time, 
AUe Gt wee wee em emilee les Ime uni me peel pale 

. the Sun and in the same year Galileo Galilei 

built his first refractive telescope. Astronomers 
also began observing the cosmos through a 
magnifying lens, which ushered in a new 
ET am Ome COO ae cee or bes 

J later, in 1668, the design was updated by 
= Isaac Newton to include a mirror instead of 
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The technology, theories and observations that changed 
the way we think about the universe 


Written by Laura Mears i 












a lens. This improved the resolution of the device 
mae ad ile 

Newton later published his laws of motion and 
theory of universal gravitation, which remained 
unchallenged until the 20th century when Einstein 
published his theory of relativity. Soon after, the 
ele meme mea eje emt n een e) swam tals 
launch of Sputnik 1 in 1957 humanity was free to 
Cech heme ee ee ee) mene Oe adn | sei . 
its atmosphere and its gravitational pull. What | ~_! Soa .. — 
followed was one of the most prolific periods in = 
jer eee ee) a 

From images of light emitted by universes just 
a few hundred million years after the Big Bang, to 
Vast me P Ne Meir MONO mae etm nen 
some of the biggest findings in the history of space. 
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the X-rays flicker and dim. 








Date discovered: 2001 Discovered by: Joseph Dolan 
Like neutron stars, the concept of black holes started 
out in theoretical physics. English philosopher John 
Michell first proposed the idea of dark stars in 1783, 
suggesting that objects with sufficient gravity might 
al) OREM Meee SMe meNmiiaea me i 
ose Otek Ae eee eee e meme) (orp r ie) 
General relativity describes the event horizon, 





































OCR MIRO ele lee mele eeem ace ee ae 
that nothing, not even light, can escape. Beyond sd rae Pl Me 
Ee ONO mn eee teem der eel) melden |e oe 


towards the centre. 

Some black holes are thought to be the size 
of a single atom and contain as much mass as a 
mountain, while others span millions of kilometres a 
and contain billions of times more mass than the 
TARO me ee eee eeb ee Weta 
holes are impossible to see, the affect they have on 
their surroundings is dramatic. But before the even 
horizon the pull of black holes can actually be seer 

The first black hole candidate to be identified w 
Cygnus X-1. In the 1970s the Uhuru satellite detect 
X-ray emissions from the Cygnus constella ion. 1 
nearby blue supergiant HD 226868 appeared to 
part of a binary star system containing an A-Tay 
source more massive than a neutron Star. | 

In 2001 Joseph Dolan, an astrophysicist from 
NASA's Goddard Space Flight Center, observed 
Cygnus X-1 with the Hubble Space Telescope ani 
om aa Bebe mene BUCO UCN E Ce) 
a black hole. Cygnus X-1 and its companion - 
binary star system and are both in orbit around 
centre of mass. As the two move past each ot 
gravitational pull of the black hole causes thes ac a 
DUO SIR e eRe M ee etme eller 

The gas encircles the black hole, forming an 
accretion disk that releases X-rays as friction heats” 
the incoming gas. Instead of brightening asthey 
reach the centre like they would with a neutron star, ec 
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cog acy searing 


The flickering is caused by blobs of hot gas 
FLAS Mb Ceel al eM mie emt ieee le (e)pmeb cl a 
falling towards the event horizon. As 
they spiral inwards, they emit a light 
Ci eC UMON MOO COLUeE Meee Meh teem ele 
train. When viewed from the 
Bement ocean: 
blobs pass behind the event 
horizon. By the time they return to a visible position 
TIME Ni Me Mee Mb ele aes ome Ue ie em illean ts 
inwards and gravity distorts the light, stretching the 
wavelengths towards the red end of the spectrum. 
As the blob of gas grows closer to the event horizon, 
the pulses become weaker and more frequent, like 
water circling a drain, before vanishing forever. 
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Using data captured by NASA's Chandra 
X-ray Observatory, scientists discovered 
that the event horizon of Cygnus X-1 rotates 
more than 800 times every second 
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behind the black hole at the centre. 








Interview 


Dr Asa Bluck, 
® research 
© fellow at the 
am University of 
Victoria, Canada 
What is the best evidence that 
we have for black holes? 
For 20 years astronomers have 
studied the detailed motions of 
100 individual stars at the centre of 
our galaxy, around a mysteriously 
empty region known as Sagittarius 
A*. These orbits imply that there 
is a huge source of mass of over 4 
million Suns cramped into a region 
not much bigger than our Solar 
System... [Here we] see no extra 
light, certainly nothing close to a 
million Suns’ worth... 


What makes the discovery of 
black holes so important? 
[They] represent a pivotal turning 
point in our understanding of 
nature: they are regions of space 
where time itself comes 
end. They form as an inescapable 
consequence of Einstein's general 
theory of relativity, and their 
discovery and confirmation 
represent a huge success for 
physics... [The] most important 
aspect of black holes is that they 
go beyond even relativity - they 
predict a region of infinite density 
and pressure (the singularity) 
where the laws of physics will 


fo an 


cease to exist. Today physicists 


interpret this as a sign that the 
theory of relativity is incomplete... 
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expansion 

The most distant 
supernovas 

show that the 
expansion of the 
universe was 
once decelerating. 
ee mire mee 

it has started 
lee) cle pa) noes 


started expanding. As it 
expanded, matter cooled and 
condensed to become the 
stars and planets. 
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After the Big Bang, 13.8 _ 
billion years ago, the universe . 
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was that the force of gravity would 
LEONG OTE 00m) MANS OT OTN od Rais 
to slow, but two research teams, the 
Supernova Cosmology Project and 
the High-z Supernova Search Team, 
published data that suggested quite 
the opposite. 
After neutron stars and black 
holes, white dwarfs are some of 
the densest objects in the known 
TNS ee OO Ak Ome h 
feed off their companion star, 
FlQMePOPLONee LAI Orem One Lc) menOL elm cle DPT 
a mass 1.4 times the Sun's. At this 
point the white dwarf explodes into 
a Type-la supernova. These events 
produce a predictable amount of 
Wn O Me) ve ee eM OCs 
brightness of each explosion from 
Earth, scientists can calculate the 
TIEN Mom LOM dn mele en el ere 
These white dwarfs exploded 
TO mer mth eee mnie 
OTE me Deemed ee ent ema 
Him Ceee etme Oradea le: 
SiG Ca1e nts Wee OPA AY lho o ged Te 
shifting towards the red end of 
dite e el Gat Vee meer elena mails 
shift in the light to the distance of 
the supernovas, the two research 
teams saw that the explosions were 
around 25 per cent dimmer than 
> qe eC e mm P neh l@= Leber mcre)en ea bial 
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of gravity and causing the 
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a to speed up. 
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accelerate, expanding at an 
ever-increasing rate. The 

fa] OC Aare) ue] 
best candidate is dark energy. 


Reusable shuttles 
198] 

NASA 
NASA replaced expensive, single- 
use rockets with reusable shuttles, 
capable of launching like a rocket, 
but landing like a glider. The fleet 
of five shuttles made 135 trips 
before being grounded in 2011. 
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4 Cosmic microwave 


background radiation 

Date discovered: 1965 
Discovered by: Bell Laboratories 
Two engineers working for Bell 
Laboratories, Arno Penzias and 
Robert Wilson, provided some of 
the first real evidence of the Big 
Bang, detecting background noise 
on their microwave antenna. 

The snow was evenly distributed 
across the sky and represents 

the oldest light in the universe, 
created shortly after the Big Bang. 


Heliocentrism 
c. 1515 
Nicolaus 


Copermicus 

Until the l6th century it was 
widely accepted that the Sun 
orbited the Earth, but Copernicus 
developed a model to show 

that this was impossible. This 
sparked a scientific revolution, 
inspiring other astronomers and 
permanently altering our view of 
the Solar System. 
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6 Halley's comet 


ey PLANETARY SCIENCE) 


Date discovered: 1705 Discovered by: Edmond Halley 


English astronomer Edmond Halley 
was investigating near-Earth comet 
flybys in the early 1700s when he 
found something unusual. He had 
gathered historical data spanning over 
200 years and noticed that on three 
separate occasions, in 153], 1607, and 
1682, a comet with similar orbital 
properties travelled past Earth. Building 
on the earlier work of Copernicus and 
Kepler, plus the ideas of his friend Isaac 
Newton, he believed that these separate 
instances were the same comet, and 
that it too was in orbit around the Sun. 
He calculated that in 17/58, the same 
comet would once again make a flyby. 
Unfortunately, Halley died in 1742 
but true to his predictions, the comet 


returned on Christmas night, 1758 
and it continues to make its : 
elliptical journey to and 

from the outer Solar 

system an average of 

once every 75 years. 

It appeared in the 

chronicles of Chinese 
astronomers, dated 

239BCE, and was 

even stitched into 

the Bayeux Tapestry. 

When it reappeared 

in 1986, a fleet of 

Spacecraft was sent to 

observe it as closely as 

possible. Halley's comet is 

due to return in 2061. 





/ The Keck 


telescope revolution 
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The invention of the telescope in 
the 1600s was perhaps one of the 
most important historical advances 
TORN CON eth UM adn ees 
FMMee me Melee tierlit mire 
Newton developed his reflecting 
telescope in 1668, the core design 
JUNE eM ele ohm eur ine p 

Reflecting telescopes use a curved 
mirror to capture light before reflecting 
it back to a focus point - this avoids 
any distortion created by glass lenses. 
sateen OOPS Kee Mn man lec prea nL 
can be captured and the deeper into 
space the telescope can see. 

Orel hee em eimrie= im (eee) ays 
(ime) Ome VU O ee erm ents 
BTA-6, at the Special Astrophysical 
Observatory in Russia. Its six-metre 
(19.7-foot) reflector represented the 
upper limit for a solid mirror - any 
larger and not only would the reflector 
al cole mal \ kc emit) e)ee)Gem el Vim an (mae) 
of production would be in the millions, 
even billions, of dollars. 

Built in 1993, the Keck telescope 
was the first major advance in 
telescope technology for centuries. 


Astrophysicist Jerry Nelson pioneered. 
he ereethe construction of a ten-metre, (32,8 
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foot) mirror, capable of capturing light 
from objects 10 billion light years away. 

In order to avoid the problems 
associated with a solid mirror, the 
reflector of the Keck telescope was 
built using 36 separate hexagonal 
segments, each measuring 1.8 metres 
Cheer e eee em ornare 
a ton. The segments were carefully 
warped before being cut and ground to 
form a perfect parabolic surface. 

CVn Ce) metiaeheer telecom mat mei anbe nals 
of the mirrors are continually 
monitored by 168 sensors and the 
aod Ot ea bees aaa WENN Teale lew 
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just a quarter of ms mirror in place, 
dpe Qe cles) eel corte el) oe 
match the capability of the BTA-6. 
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Halley's comet makes a 
flyby of the Earth once 
every /5 years 
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Hexagonal mirrors "~ 
The Keck telescope 
OER ete loi ere ¢ 
hexagonal mirror plates, 
each measuring 1.8 metres 
(six feet) across. The 
plates are arranged into a 
smooth, parabolic mirror. 
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The Hubble Space Telescope 
remains one of the most 
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1995-2012 


Hundreds of thousands of images have been captured 


by the Hubble Space Telescope since its launch in 
1990, but perhaps none quite so dramatic as the 
Hubble Deep Field. 

The glare from nearby stars and galaxies outshines 
the weak signals from distant galaxies, so in order 
to see past this, the telescope was pointed at a 
seemingly empty portion of space, a tiny area 
measuring just one 24-millionth of the sky, in the 
constellation of Ursa Major. In 1995, 342 separate 
images were captured over a period of ten days and 
then painstakingly stitched together to form a single 
view. The resulting image was unprecedented. Almost 
3,000 distant galaxies were revealed, some of which 
were the youngest and most-distant ever detected by 
an astronomical device. 
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Spiral galaxies © 
Galaxies similar in 
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Way are visible in 
the image, with 
dn ee eee 
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The Hubble Space Telescope, NASA 


In 2002 the Advanced Camera for Surveys was 
fitted to the Hubble Space Telescope, enabling it to 
see even further into space. From that, two even 
more-detailed images were created: the Ultra Deep 
Field in 2003-2004 and the eXtreme Deep Field (XDF). 

The light from the youngest galaxy in the YDF 
Image was emitted just 450 million years after the 
Big Bang, providing an unprecedented view back 
to the very beginnings of the universe. Working 
forwards in time from this point and looking through 
the field at galaxies closer to Earth, astronomers are 
able to see the changes as galaxies age. 

Hundreds of thousands of images have been 
captured by the Hubble Space Telescope since its 
launch in 1990, but there’s perhaps none quite so 
dramatic as the Hubbie Deep Field photograph. 
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The smallest objects 
in the image are the 
most-distant galaxies 
- the light from some 
was released barely 
500 million years 
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STS-125 mission specialists Michael Good and Mike 
Massimino repairing and upgrading Hubble 
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Rocket Fees 
SCIETICE 


1926 Robert Goddard 
Rockets were first invented in ancient China, where 
bamboo tubes were filled with gunpowder and used 
to create fire arrows, but it wasn't until the early 20th 
century that modern rocket technology really began. 

Until that point, rocket engines had all used solid 
fuel and had limited range, but in 1903 Russian 
school teacher Konstantin Tsiolkovsky published a 
comprehensive paper detailing how liquid fuels could 
be used to launch rockets into space. 

His ideas were purely theoretical, but American 
engineer Robert Goddard had a similar idea and 
began tests using liquid rocket fuel. He launched his 
first rocket, named Nell, in March 1926. Nell flew for 
just 2.5 seconds for a total distance of 12.5 metres (41 
feet). After a further 15 years of experimentation and 
34 rockets later, Goddard's rockets were achieving 
speeds of 885 kilometres (550 miles) per hour and 
altitudes of 2.6 kilometres (1.6 miles). 

During World War II, German engineers built an 
advanced rocket, the V-2. It was originally used to 
bomb London, but after the war the technology 
fell into the hands of the Allies. This sparked 
a technological revolution and when Sputnik 1 
launched in 1957, propelled by a rocket engine, the 
era of space exploration began. 


Interview 
Thomas Benson, 
senior research 
engineer, NASA 


What did the invention of the rocket engine 
do for space exploration? 

It] enabled the manned exploration of space. 
Unlike a solid rocket engine, the liquid engine 
can be throttled, precisely stopped and restarted. 
The relatively safe liquid rocket engine has taken 
astronauts into low Earth orbit, onto the surface 
of the Moon and returned them safely to Earth. 





How has the technology developed since the 
first rockets in the 1920s? 

While the basic principles have remained the 
same, technology developments have enabled | 
more-efficient liquid rocket operation. We i 
can now obtain much more thrust per pound 

of propellant (fuel and oxidiser). Different 

propellant combinations are now also possible. 

Some explode on contact in the combustion 

chamber, greatly simplifying the design of the 

ignition system. Very cold liquid hydrogen and 

liquid oxygen propellants produce high thrust 

with a clean exhaust... The use of more-exotic 

materials in the engine itself has enabled higher 
temperatures in the combustion chamber and 

nozzle that produces increased thrust. 
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Robert Goddard 
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pioneered the very 


earliest rockets 
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Sagittarius A* 
1974 
Bruce Balick and 


Robert Brown 

A mysterious radio source at the 
centre of the Milky Way was 
identified as a supermassive black 
hole Sagittarius A", measuring 

44 million kilometres (27 million 
miles) across. 





Galileo telescope 
1609 
Galileo Galilei 

When the refracting telescope was 
invented in Holland in the 1600s, 
Galileo Galilei was fascinated. He 
built his own in 1609, gradually 
refining and improving upon the 
design. With his early lenses, he 
was the first to identify the four 
moons of Jupiter. 





Water on Mars 
2013 

Curiosity Rover 
NASA's Curiosity Rover returned 
compelling evidence that an 
ancient lake once existed on the 
surface of Mars, alongside several 
biologically important chemicals. 
The environment was described 
by lead scientist John Grotzinger 
as “benign and supportive of life’, 
marking a major turning point in 
the exploration of the Red Planet. 
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Prof Robert Caldwell, 


W4 \ * theoretical physicist, 
 o N ailie ey CDartmouth College, 


New Hampshire 


Le , What makes dark energy such an 
| important idea? 
| nage - | Dark energy may very well comprise 75 


per cent of the total energy of the universe. 
palais MET Sy eel Cell The large-scale structure of the universe, 
its origin and fate, may be entangled with 
the physics of dark energy. Its speculated 





Einstein thought there may be a cosmological Tee COME me EAE eee dee Dalen ints 
constant that keeps the universe in balance and that outwards, he called this idea his “greatest blunder’. 
the energy associated with space could oppose the Nevertheless, in 1998 when it was discovered 
force of gravity. However, when it was eventually Eee Mh Nema de eee eee thy 
accelerating, Einstein's idea started to make a whole 
, lot more sense. 
oan bs , S . , | The expansion of the universe is being accelerated 
' / - 5 . by dark energy, an unknown entity capable of 
ee : . opposing the force of gravity. Though this substance 
? is still not fully identified, it's thought to make up 
P es ae , , : FICOU ee Me met meme mT ee 
: a i Some scientists believe that, like Einstein's 
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any ‘ 1 Other experts think that dark energy might make up 
| » @ i all a changing energy field Known as quintessence and sapiens tte oe cis nah eastitec anaes dint a turisnie, 
' : | : | eben predicted that the cosmic expansion was 
al . ha emda al a eee ata es slowing down. But there is a loophole - if our 
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wee es “? ' ; In 2008 it was further shown that dark energy he oe cn nacgialh ie 
ayesha di 3 Ce ‘ | makes detectable changes to light as it passes 
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supervoids and superclusters. 


existence raises more questions. Does dark 
energy have ties to cosmic inflation? Are are 
the laws of gravitation reliable on cosmic 
scales? Now that we know about dark energy, it 
seems pretty hard to ignore! 


How do we know that dark energy exists? 
We are not certain it does... But it seems to 
be one of the simplest inferences based on 
the observations and experiments. What we 
do know is that observations of supernovas, 
distant galaxies and extragalactic light all 
indicate that the expansion of the universe 
is accelerating. That leaves us with a puzzle, 
because general relativity should have 


there is more out there (beyond atoms, light, 
neutrinos and dark matter), then the missing 
ingredient, dark energy, could be the answer. 
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Radio astronomy 
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1S a radio source 


COSMOLOGY) Date discovered: 1932 Discovered by: Karl Jansky 





While working for Bell Telephone 
Laboratories in New Jersey in 1928, 
engineer Karl Jansky was tasked 
with investigating sources of static 
that might interfere with telephone 
communication across the Atlantic. 
Using a radio antenna and turntable 
known as Jansky’s merry-go-round, 
Jansky scanned the sky for radio 
sources, pin-pointing their location. 
Most of the static that he detected 
could be explained by near or distant 
thunderstorms, but there was a steady 
hiss that rose and fell each day, the 
origin of which was unknown. 
Jansky originally thought that the 
signal might be coming from the Sun, 
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but it repeated once every 23 hours 
and 56 minutes - the time it takes the 
Earth to rotate relative to the rest of 
the cosmos. This indicated that the 
source was likely a distant star. The 
signal was localised to the Sagittarius 
constellation and is now known to 
be coming from the black hole at the 
centre of the galaxy, Sagittarius A’. 
Jansky eventually published 
his findings and although Bell 
Laboratories would not support further 
research into the mysterious radio 
signal from the centre of the galaxy, 
his work inspired a generation of 
scientists and marked the beginning of 
radio astronomy. 
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Kepler's 
laws of 
planetary 
motion 







160 


Johannes Kepler 

As a graduate student, German 
mathematician Johannes Kepler 
studied the work of Copernicus and in 
1600 became assistant to astronomer 
Tycho Brahe, who had been compiling 
accurate measurements of the 
positions of the stars and planets. 

Brahe believed the Sun orbited 
the Earth and kept many of his 
observations secret from Kepler 
but, after his death in 1601, Kepler 
continued his work. He spent years 
trying to make Brahe's observations 
match the circular orbits predicted 
by the astronomers of the time but 
then focused on the movement of the 
planets in relation to the Sun. 

Kepler showed that the planets 
move in elliptical orbits, and his 
three laws of planetary motion 
marked a turning point in astronomy 
and physics, providing part of the 
foundation for the work of Newton. 





Kepler's three laws of planetary motion 
were a breakthrough for science 








General relativity 
1915 

Albert Einstein 
Einstein showed that space and 
time are inextricably linked and 
revolutionised our understanding 
of gravity. His theory of general 
relativity explained that matter and 
energy could distort the fabric of 
space-time, producing valleys and 
ripples like dents made by balls on 


a trampoline. 





Pulsars 
1967 

Jocelyn Bell 
In 1967 PhD student Jocelyn 
Bell was operating a new radio 
telescope in Cambridge, UK, when 
she picked up a series of even 
pulses 1.3 seconds apart. When 
she and her supervisor discovered 
three more, they realised the 
pulses were produced by rapidly 
spinning neutron stars - pulsars. 





Earth's twin 
2014 
Kepler Space 


Telescope 

Kepler-l86f is the most Earth- 

like planet ever identified and 
represents a step forward in the 
search for life. It's only marginally 
larger than Earth and sits in the 
Habitable Zone, where it's possible 
liquid water could exist. 
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{9 Discover 


of Eris 
SOP PLANETARY SCIENCE 


Date discovered: 2005 Discovered by: Mike Brown 


In 2003 a potential tenth planet was spotted. Mike 
Brown and his team at the California Institute of 
Technology identified a bright object in the outer 
Solar System, nicknamed Xena. Over 10 billion 

Sal (ej retae eam (ome M Tes manta) BeceNm ane Ole m Cor 
hacan even more elliptical orbit than Pluto and 
took over twice as long to complete an orbit. They 
published their findings in 2005 and Xena was 
renamed Eris. 

In 2006 the International Astronomical Union 
UNE e eR cee Orley ee Beebo 
TSN Me Cee ees see De mms iT 
the Sun; second it must have enoug gh.mass to 
form and maintain a spherical shape; third it must 
have. cleared the neighbourhood around its.orbit. 
Although Pluto.and Eris meet the first two criteria, 
they fail to achieve the third; Pluto is part of the 
Kuiper belt and’Eris belongs to the scattered disc, 
both of which contain other, similarly sized objects. 








Interview 





many objects on similar orbits. However, it was Just like Pluto, Eris has a moon and its surface 
suill the largest and it could be argued that it’s still composition is similar. It is expected to form an 
; _ distinct because the others were too small to have atmosphere when getting closer to the Sun (it’s 
Michael Kuppers, an atmosphere (like Pluto does) or to maintain currently so far away that the main atmospheric 
planetary scientist, spherical shape. Therefore it was still justified on constituents are frozen). So Pluto does not stand 
tp physical grounds to have Pluto stand out and call it out anymore compared to other large Kuiper Belt 
ESA a planet. objects and it cannot be called a planet anymore 
“When the first Kuiper Belt objects were discovered “This changed in the 2000s with the detection on physical grounds (unless one adds a whole lot 
in the 1990s, it became clear that Pluto wasn't of large Kuiper Belt objects, in particular Eris, which of new planets). That was a decisive point in the 
dynamically unique in the sense that there are Is more massive and possibly also larger than Pluto. demotion of the status of Pluto." 
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Bl eo pie In the 1960s the USA signed the Partial Nuclear Test 


; : of Ban Treaty with the Soviet Union and the United 
- e saretai eye a] | Kingdom. The aim of the treaty was to slow the 
LN ip ace eet ee threatening nuclear arms race and to limit release of 
Sqr eure aa at ding a - } fallout into the atmosphere. 
= ples | ee ‘ | The Vela nuclear test-detection satellites carried 
) gamma rays. X-ray and gamma-ray receivers that were launched 


inti Fe to Monitor compliance with the ban, but unidentified 

flashes of radiation were spotted in the data. 

The satellites were launched in pairs, positioned 
around 250,000 kilometres (155,000 miles) apart, 
on opposite sides of Earth. Suspecting illicit nuclear 
testing, scientists used the time delay between the 
signals to determine that the bursts were not coming 
from Earth, or from the Sun, but from space. 
Gamma-ray bursts last just a few minutes and 

represent the brightest electromagnetic events in the 
known universe. They are thought to be the result of 
extremely energetic supernovas or hypernovas. 
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Impact on Jupiter 


Comet Shoemaker-Levy 9 was the comet that dared 
to strike the king of the Solar System. It’s true that 
Jupiter takes the brunt of the Solar System's wayward 
debris, colliding with its gaseous bulk, but this event 
was nothing that the astronomical community had 
ever Witnessed in the past or could have anticipated. 

It all began during a hunt for space rock on a 
potentially deadly collision course with our planet, 
in a program that intended to get to these dangerous 
near-Earth objects before they got to us. Astronomers 
trusted the 0.4-metre (1.3-foot) Schmidt telescope at 
the Palomar Observatory with this important task. 
Snapping away at the night sky, the Californian 
telescope tirelessly stood sentry night after night. 

Its photographic findings were later pored over by 
astronomers in a bid to detect the one object that 
could wipe us out, whether it was an asteroid or 
comet. On the evening of 24 March 1993, three 
astronomers - Eugene and Carolyn Shoemaker 
alongside David Levy - were poring over one 
particular image produced by Palomar, and what they 
found defied all expectations. Carolyn was originally 
scanning the images that the three had taken that 
night, when she found what she felt was an oblate, 
comet-like object. 

This turned out to be Comet Shoemaker-Levy 9, 
their ninth periodic comet, whose orbital period took 
less than 200 years. However, this wasn't what was 
so unusual about it. Its squashed appearance was 
telling the astronomers something important: that 
Shoemaker-Levy 9 wasn't orbiting the Sun. Instead it 
had been captured by the merciless and monstrous 


gravitational pull of Jupiter and now its nucleus was 
fragmenting in response to its precarious approach to 
the gas giant's limbs. It’s thought that in July 1992, at 
an altitude of only 25,000 kilometres (16,000 miles) 
over Jupiter's cloud tops and cutting well within the 
orbit of its innermost moon (Metis), the tidal forces 
got heavy-handed on the comet's delicate structure 
and began to rip it apart. Experts speculated that 
the comet had been caught around 20 to 30 years 
previously, so Shoemaker-Levy 9 had done well to 
stay in shape up until this point. 

On 22 May, the same year of their discovery, Levy 


and the Shoemakers would learn of their comet's fate: 


Shoemaker-Levy 9 was going to end its life by diving 
into Jupiter's atmosphere. It would impact the planet 
in many pieces, ranging from a few hundred metres 
all of the way up to two kilometres (1.2 miles) in 
diameter. As soon as they found out there was going 
to be a collision, the three comet-watchers knew it 
would be a historic comet. 

This point of view wasn't shared by all 
astronomers, however. Some considered Shoemaker- 
Levy 9 to be a kind of celestial dud and that it was 
being over-hyped, simply because Jupiter is hit by 





Data from ESA's Herschel Space Observatory showing 
the Shoemaker-Levy 9 impact could explain why Jupiter 
has so much water in its upper atmosphere 


“The dark spots left across the face of 
Jupiter were plain to the eye and even 
more prominent than the planet's 
famous Great Red Spot” 





The comet was torn into pieces as a result of a 
eller ee ces PROM Cm eee emetic 
later collide with the Solar System giant 
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objects all the time, yet nothing happens. What they 
didn't reckon on was the size of this ‘dud’: nothing 
the scale of this fragmented comet had ever hit the 
gas giant within human memory. 
Despite the scepticism, the majority of the 
astronomical community was watching with bated 
breath as July the following year arrived. This was . A 
the month the various pieces of Shoemaker-Levy 9, | ae : rm = _* a ete | aa — byte ell ae ; 
labelled fragments A through to W, wheeled in on a ee be: | oe Fi : aa eh 
path that was destined to hit the giant gas planet's | — Ia Breech) mene tr 
southern hemisphere. ee , Pinel -SCR unr : 
On 16 July 1994, the first fragment crashed in . a? > —, ae -—__ icy body's second tail. ; 
through Jupiter's atmosphere, as telescopes all | 6 re | oo ‘ 
over the world looked on. Several space-based 
observatories were also fully focused on the event, 
such as the Hubble Space Telescope, the ROSAT 
X-ray observing satellite and also the Galileo satellite, 
which was on its way to the gas giant at the time. a 2 
The battering that Jupiter received lasted a whole & lon rl 
week, leaving dramatic marks on its surface that UT aCe 
made the planet's greatest swirling storm system, MELD 
the Great Red Spot, pale in insignificance. This iconic a) bl 
feature of Jupiter, for a while, became a second-rate ee bob the = 
tourist attraction when compared with the trail that since bie ph | 
sf a affected by the . 
Comet Shoemaker-Levy 9 left behind. solarwind. » 
Levy himself, by this point, was standing in a long pte sek pe, 
line to the Naval Observatory on the grounds of the . se composed ofamigture = * ji 
American vice president's residence in Washington, . wilh at eal ah opt eh aE eal dna eet 
nT tle] 2 Nee lee] al) 


hoping to use its telescope t the impacts hi sil carne Won aa sla l ) 
( PTO Wse 1S Telescope to see € 1M Pacts S lis “ae oer ‘i 

ee : 4 ek 5 dit monoxide, carbon dioxide, the comet is made of 
comet had made. When he got in to look through the . 8 


SUS CRUEL Le water and dust. The force 
telescope he was amazed at what he was seeing - the . 


3 oe " 5 — (at -10 me) mds ele 
dark spots left across the face of Jupiter were plain to p , . Tele haae toe 
the eye and even more prominent than the planet's comet's tail. 
famous Great Red Spot. 
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The planet was so black and blue from the 
pummelling, that it took close to a year for it to heal. 






Impact Jupiter: 
sequence of events 


This gave astronomers enough time to work out 
what extra data the event could yield, that some had 





previously doubted would be so significant. What Follow the len of Shoemaker-Levy 9 - from its discovery 


lay beneath the cloud tops was revealed when the Bey, 3 | ; | 
fragments punched their way through the planet's daicoletciel KOR IS plunge nelte Jupiter's atmosphere 


upper layer at a speed of 60 kilometres (37 miles) per 


second, like fireballs, ejecting plumes and heating 
the surrounding jovian gases. The most impressive 
impact that made the largest mark on the face of 
Jupiter was fragment G. It created a gigantic dark spot 


1. Feeling the force | Seen = =. 
(S380 YA bee) + 
Shoemaker-Levy 9 is likely to have been 
over 12,000 kilometres (7,456 miles) across, and was fe: Je]Al cee) ae ele) me lesley eee come le 
estimated to have released around the same energy years before its discovery. Calculations 
as the world's combined arsenal of nuclear explosives revealed that its unusually squashed and 
600 times over. But that's not all that astronomers Me CoN coc) Te 
learned - they also got to know the gas giant much ee habe encounter a the 
ee sie betes =e [ECE eee eee ee 





A closer look at the planet revealed the very first 
detection of diatomic sulphur, providing only the 
second finding in any astronomical object, as well as 
carbon disulphide. Jupiter's make-up was worked out 
quickly as more molecules such as ammonia were CY rm 
uncovered in the upper atmosphere, while others, COP. r psy 

7 le | 

such as those carrying oxygen, were nowhere to be ( 0 ; bs ) AL Y 
ace cM Sc TE as. PCC U OU eBid eel UnLe 
seen - much to the surprise of astronomers. A myriad | 
Ot ras a asl eee Nea roa a Seg ee ste and space telescopes on Jupiter 
of other molecules were also found much later after * 2 

EER Urey tis eco mT 
met Jupiter's atmospheric gas 

between 16 and 22 July. 


the impact, including water in large quantities. 

The fragments of Shoemaker-Levy 9 that had 
bypassed Jupiter's monstrous magnetic field created 
enormous waves that swept across the planet at 
speeds of around 450 kilometres (280 miles) per 
second. Auroral emissions blasted through the gas 
giant's atmosphere and the planet's temperature raced 
temperamentally up and down around the impact 6. Battered and bruised , 
Sites for a good two to three weeks after the event The aftermath of the collision between the two 

Since the demise of Shoemaker-Levy 9, the tell- significant Solar System bodies left Jupiter extremely 4 
seem eee eda tee ten eer) . A Inthe nn line 

; 
; 
L 





tale signs of Jupiter getting struck have not gone 
unnoticed and have prompted astronomers to picked up by ground telescopes. They were more 
keep a close eye on the great planet's next move. pre tee AUR ea ele 

Professional and amateur astronomers alike were 


Cae eR al 
the comet would hit 
Jupiter, but would 
not disappointed as 2009, 2010 and most recently > ¥ a ll a pe i 
4012 saw Jupiter once again take hits. Bolides and mi ana . * 7 Wes 
asteroids c ra shed th rough its upper layer, creating = P big cas pe ae i 
fresh markings that raised the question of whether . ce eurs 
Jupiter is in fact pre g Earth and keeping us out 
of harm's way. 

The truth is, 
or not Jupiter acts as our guardian planet. It could be 
that the gas giant creates as many potential objects 
on an apocalyptic trajectory as it sucks up, or maybe 
its great gravitational attraction has hoovered up the 
majority of stray comets or pieces of space debris, as 





it acts as the celestial goalkeeper. 





Whatever the role Jupiter currently plays in the 
Solar System, astronomers will continue to track and 
observe comets, just like David Levy and Carolyn 
and Eugene Shoemaker did. Detection for the smaller 
objects might prove more difficult and in the case of 
Russia's Chelyabinsk meteorite last year, too late to 


17 August 1994 





warn any populated region in its path. Nonetheless, 
were learning more and more about these events rae me ar 
| Using the MAGIC infrared camera 
at the German-Spanish observatory 
on Calar Alto in Spain, astronomers 
eee CORON De Me ee me 


= ve Sa Pe ta ) months after Shoemaker-Levy 9's 
shooting gallery. @ P16 September 1994 24 bya) O) C= pn] P a1) 1994 fragments smashed into Jupiter 


with every fresh observation, improving our chances 
of detection in the future and making the world 
aware that, while Earth is a much smaller target than 
Jupiter, it’s still a viable target in the Solar System's 
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Impact on Jupiter 





Shoemaker-Levy 9's 
fragment impact times 


Fragment: A 
Date: 16 July 1994 
Time (UTC): 20:11 


Fragment: B 
Date: 17 July 1994 
Time (UTC): 02:50 


Fragment: C 
‘Date: 17 July 1994 
Time (UTC): 07:12 


Fragment: D 
Date: 17 July 1994 
Time (UTC): 11:54 


Fragment: E 
Date: 17 July 1994 
Time (UTC): 15:1 


Fragment: F 
Date: 15 July 1994 
Time (UTC): 00:33 


Fragment: G 
Date: 18 July 1994 


Fragment: M 
Date: 20 July 1994 
Time (UTC): Unknown 


Fragment: N 
Date: 20 July 1994 
Time (UTC): 10:31 


Fragment: P2 
Date: 20 July 1994 
Time (UTC): 15:23 


Fragment: P1 
Date: 20 July 1994 
Time (UTC): Unknown 


Fragment: Q2 
Date: 20 July 1994 
Time (UTC): 19:44 


Fragment: Q1 
Date: 20 July 1994 
Time (UTC): 20:12 


Fragment: R 
Date: 21] July 1994 





| Time (UTC): 07:32 Time (UTC): 05:33 
5 
‘, Fragment: H Fragment: S 
¥ bs Date: 18 July 1994 Date: 21 July 1994 
2. Shoemaker-Levy 9's discovery *. 5 eee ae 
ah kh ig | ’ Time (UTC): 19:32 Time (UTC): 15:15 
(24 March, 1993) 5 
Te) nee ae elem) alee) ee |e) ee = : 
David Levy, discovered their ninth comet " Fragment: J : Fragment: T 
on the night of 24 March 1993. They were " Date: 19 July 1994 Date: 21 July 1994 
looking at photographs taken with the 3 Time (UTC): Unknown Time (UTC): 18:10 
0.4-metre (1.3-foot) Schmidt telescope at * 


Palomar Observatory in California. 





Date: 19 July 
Time (UTC): 
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Fragment: 
Date: 19 July 
Time (UTC): 


Fragment: K 


1994 


10:2] 


L 
1994 


22:17 


Fragment: U 
Date: 21 July 1994 
Time (UTC): 21:55 


Fragment: V 
Date: 22 July 1994 
Time (UTC): 04:22 
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Fragment: W 
aia) | Date: 22 July 1994 
Time (UTC): 08:05 


3. Furthest point from Jupiter 
(16 July, 1993) 
In pieces, the comet soon revealed that 
it was in orbit around Jupiter, rather than 
dpe eel em eR Cea 
OMAN Me) mee eR ne) me 
LCR a ieee) ee sce 
at 49 million kilometres (30.4 million 
MURR ele) 
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Interview [mpact on Jupiter 


Astronomer David Levy was immortalised for his 
co-discovery of Shoemaker-Levy 9, whose impact 
on Jupiter 20 years ago held the world in awe 


Interviewed by Gemma Lavender 








David Levy 
Astronomer and writer 
David Levy has discovered 
over 20 comets and written 
30 books. He has won 
several awards including 
the Amateur Achievement 
Award of the Astronomical 
Society of the Pacific. 


Hubble astronomers watch the 
first impact of Comet Shoemaker- 
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Could you explain how you found Comet 
Shoemaker-Levy 9? 

Well, I'll try to do it bnefly. We [Levy, Gene and Carolyn 
Shoemaker] have been observing together for a number 
of years as part of a program to discover comets and 
asteroids that could pose a threat to the Earth at some 
time. We never expected to find this guy. 

On the night of 23 March 1993 we were observing and 
actually taking photographs through patchy clouds - it 
was just before a major weather disturbance. We got our 
work very much done and taken care of, when Carolyn 
was scanning the images that we took that night and she 
found what she felt was a squashed comet. It was on two 
of the photographs that Gene and | had taken and it was 
named, as is customary for the discoverers, Shoemaker- 
Levy 9. That is the short version of how we discovered 
the comet. 


When you discovered that the comet would 
collide with Jupiter, did you realise it would be 
such a historic event? 

The answer is yes. We knew as soon as we found out 
that there was going to be a collision (we found that out 
on 22 May 1993) that this would be a historic comet. But 
night away everybody started squealing and yelling that 
we wouldn't see anything, you know, it would be a dud 
because things hit Jupiter] all of the time and we never 
see anything. 

What we didn't realise was that apparently nothing 
that size had collided with Jupiter within the memory of 
humanity. The spots that were formed were clearly the 
darkest and most obvious formations to ever be seen on 
the gas giant. We started seeing them immediately after 
the first impact and when the other pieces collided, they 
left spots that were even bigger. 

The largest [impact] was left by the fragment known 
as G and this turned out to be the most obvious feature 
ever to be seen on the planet Jupiter since the invention 
of the telescope. 


You said that some were sceptical of whether we'd 
see the impact - would you be able to explain a bit 
more about that? 

[Astronomers] knew it would make an impact, but what 
they weren't certain about was whether even the Hubble 
Space Telescope would notice anything. So, we had 
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David Levy 


everybody looking just in case we saw something and 
boy, did we ever see something! 


Once the impact was eventually over, did it 
exceed your expectations? 

It exceeded them by a huge amount. | remember that - a 
few days into the collisions - the Naval Observatory was 
open to the public on the grounds of the vice president's 
residence in Washington. | remember standing in a long 
line and people were encouraging me to go forward, | 
didn't want to, but I did. I finally got in to look through 
the telescope after about an hour and I was just amazed 
at what I was seeing - really dark black spots across the 
entire face of Jupiter. They were so easy to see and so 
clear and obvious, I could even see them through the 
telescope's finder. 


Do you think an event like this could happen 
again in the future? 

Oh, it already has happened in fact, but not to the same 
extent. In 2009, I believe, there was a single small object 
that collided with Jupiter and left a small spot that lasted 
for a few days - by the way, the Shoemaker-Levy 9 spots 
lasted for almost a year. Then I think the following year 
there was another collision, which didn't leave a spot so 
this is happening a lot more than we thought it would be 
- although not quite as obvious as a comet that could be 
discovered in advance of the collisions, as ours was. 


You have obviously been observing comets for a 
very long time, has this particular impact taught 
you something new about them? 

I have been observing and studying comets ever since 

I was a child. I never actually thought of the idea that 
comets could collide with a planet - with such an effect. 
Shoemaker-Levy 9 taught us the basic lesson that comets 
hit planets and they have dramatic effects. It is possible 
that in the early days of our planet, comets colliding with 
Earth could have brought the building blocks of life to 
our planet. The simple blocks of life - hydrogen, oxygen 
and nitrogen particles - that would eventually become 
amino acids and, after that, RNA and, long after that, DNA 
- the essential building block of life. 


Did Shoemaker-Levy 9 change your life? How did 
you cope with the media reaction? 

It was so interesting to be on the front pages of all of 

the newspapers for a whole week... and all of the TV 
stations. I remember sitting at NASA headquarters the 
day before the impacts, being interviewed by maybe 15 
to 20 different television stations, one after the other. 
Then, in the middle of the impacts, I was interviewed 
again by television stations one after the other. That was 
really quite an experience. It was something that we felt 


“It WaS SO 
interesting to 

be on the front 
pages of all of the 
newspapers for a 
whole week" 
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comets that could 


collide with Earth" 


The comet was discovered in an 
image taken with the Palomar 
Observatory's Schmidt telescope 


was causing the world to pause for a moment. To pause 
from its preoccupation, the normal buzz of the nightly 
newscast, and [kind of] look up into space for a moment 
and contemplate the vastness of the universe, as well as 
the role of humanity in that universe. 

You know, we thought that there were more stars 
in our galaxy than there are grains of sand on a beach, 
as Well as more galaxies in the universe than there are 
erains of sand on all of the beaches of the world. Despite 
that, there is only one of you and only one of me in the 
entire universe. 


How did start working with the Shoemakers? 
Before | wanted to work with them, I had already built 
up a reputation as a comet-discoverer, having found, I 
believe, four comets when I met them. I arranged for the 
Shoemakers to observe at a telescope near Tucson one 
night - they wanted to try it out. 

On the way down from that observing session, | 
looked back at them and said: “] have something to ask 
you, but I'm a little afraid to do it.” Gene said: “Well the 
best way to do it is to just look at us and out with it." [ said 
“Okay, | would like to observe with you at Palomar. Is that 
a possibility?” Gene and Carolyn looked at each other and 
looked seriously and critically and Gene laughed and 
said: “] think that would be possible.” | started [observing] 
with them about six months later and observed with 
them from the late summer of 1989 all of the way until 
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the end of 1994 and then we had one final session in the 
spring of 1996. 


How hard is it to find a comet? Is it something 
anyone would be able to do? 

It's very difficult especially now, because part of what 

we accomplished with Shoemaker-Levy 9 was to get the 
world interested in this problem of “is there an asteroid or 
comet that could collide with the Earth? If there is, we'd 
better find it.” 

Now there's a lot of money being paid into searching 
the skies for asteroids or comets that could collide with 
the Earth. We have actually found a couple within a 
few hours of their collisions with us - not comets, but 
small asteroids. We missed the one that hit Russia a 
few months ago... because it was very close to the Sun 
as it Was approaching us and we never got to see it and 
finally it collided with us very, very rapidly. It didn't do 
any damage, except a lot of broken windows and the 
scratches that people got. | don't think there were any 
fatalities and | think everybody was okay, but it did teach 
us that Earth is a target and we will be hit again. Let’s 
hope we're not hit by any of the big kinds. 


How would we raise the alarm if an asteroid were 
heading our way? 

The person who is in charge of that night now is a 

man named Donald Yeomans and he is at [NASA‘s] Jet 


Levy was working alongside Gene and 
Carolyn Shoemaker (pictured) when they 
discovered Comet Shoemaker-Levy 9. The 
astronomers discovered over ten comets 
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Propulsion Lab in Pasadena, California. He keeps track 
of all the orbits of the asteroids and comets in the sky. If 
he finds one that is discovered early and it could be ona 
collision course with the Earth, he does alert the world 
leaders about it. 

That happened once, about a day before there was 
going to be an impact I think, in the Sudan. He informed 
the White House immediately and they informed the 
Sudanese that this is going to be happening and they 
wanted to know if this would be a natural thing or a 
nuclear detonation. They were able to assure them that 
this would be a natural object coming out of the sky and 
that it shouldn't hurt [them] but it is going to land over 
[their] country. 


What equipment do you use to locate comets? 

I do it in two ways - first with my eye and a 16" reflector 
telescope, but | also take electronic images with five 

or six other telescopes at the same time. It takes me 
about an hour to get those telescopes up and going and 
once they are, | then can relax and do the visual search 
and that’s a lot of fun. There's a lot of attention that is 
needed to set up the automated cameras, but once they 
are up and running, it’s a beautiful thing for me to be 
just sitting back with the telescopes and watching the 
sky for comets. I search the sky by one field of view per 
second and just move the telescope slowly across the sky 
towards the east and | enjoy that very much. 

There was a famous astronomer who wrote a book 
about his own life with comets and he said, and I quote: “] 
have watched a dozen comets, hitherto unknown, slowly 
creep across the sky as each one signed its sweeping 
flourish in the guest book of the Sun”. That astronomer 
was named Leslie Peltier and is one of the most beautiful 
things | have ever heard about comets. 


Do you do your observations every night? 

Not tonight because there's a full Moon, but when the 
Moon is not in the sky, I'm usually observing for at 

least the hour before dawn in the morning and I will be 
starting again in about a week to ten days’ time. 


What's the faintest comet you have ever found? 
The faintest one I found was located electronically, 

it's credited partly to me but it was actually found 
automatically by one of our telescopes here at the 
observatory. Because of that little tick it was not 

named for us as its discoverers, but it was named for the 
observatory, so that comet is known as Comet Siamak. 
Other examples of comets named after observatories is 
Comet ISON, of course, which totally disintegrated before 
it had the chance to become bright. 


What are some of the other Shoemaker-Levy 
comets like? 

We found a total of 13 of them together. Nine of them 
are in orbits that have them coming back again and 
again, and they are called periodic comets. Of course, 
the ninth won't come back again because it has collided 
with Jupiter and is deceased now. We found four others 
that are not periodic and they just came across once and 
never again. So that’s thirteen comets plus eight that | 
have discovered myself from my home here, from my 
telescope and using just my eye and an eyepiece at the 
telescope... The most recent comet I found that way, 
visually, was in October 2006, so it's been a long time but 
I'm still looking. @ 
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‘It's a beautiful thing for me to be just 
sitting back with the telescopes and 
watching the sky for comets” 


Fragment G of Shoemaker-Levy 9 was 
found to be the most obvious impact 
site. This mosaic of the Hubble Space 
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“Sun's deflection angle 


The craft must be situated at a certain 








position from the Sun to harness the a 
Tree ae ees en eRe og” 
= i : , ) _«* pass by the star and are bent by it. | 
We can use the Sun as a giant lens, but we need A ao. 
>" : . a 
-to send a telescope far, far into the Solar System ie 
: * 
Using a technique called gravitational lensing, the Deere OMe ei ac melee eee eel eee ume ee _ P 
| Focal Mission will enable us to see deeper into space would be able see into the early universe and distant . a, /~ . , 
Berea secon Peele ia moma lL mele exoplanets in systems like Alpha Centauri. Two of a a 
. objects at a huge magnification, the telescope will be Focal’s key targets include the Kuiper Belt and the ha _ , 
situated between 550 and 1,000 AU from the Sun, Oort Cloud. Evidently, new systems of propulsion will ; 
which is the greatest area of magnification possible. have to be achieved to realise Focal, as the estimated | , * 
Originally devised by SETI astronomer Claudio distance to travel will be 14 times the distance from | 7 ae 
Maccone in a 1992 paper, Focal was formally diel tin cee @iblcen . +A 
| | proposed to the European Space Agency in 2000 The Focal spacecraft will use either a nuclear- | 7 oi pe * 
| PCuCetia ca rieeh me eee elmer elmer) powered electric propulsion (NEP) system, a xenon- | a bd 
Astronautical Congress (LAC) in 2010. fuelled ion engine or an advanced type of solar power, . | ‘ 
The telescope’s magnification works by distorting as the velocity relative to Earth would have to be 100 ; | 
Space-time, an idea that was published in a 1936 kilometres (62 miles) per second to reach a distance Pain, é * 
re eee ee Oe CwCRa see meld of 1,000 AU in 50 years. When the craft reaches its set , * 
relativity. This was improved upon first in 1964 by Tee er ED ei Riese men ems : a a 
Sidney Liebes' mathematical theory of gravitational § rotation curve of the galaxy, explain a star's stages of | 3 bo 
focusing and then in 1978 by the discovery of twin nuclear burning and make carbon stars visible. Focal , , | 
quasars by astronomer Dennis Walsh. It is essential § could use a one-metre (3.3-foot) optical telescope | , E 
| a Se ead Poa 3 | a . * 7 
that the Focal probe's motion is studied within the with a ten-Watt laser transponder as an optical * 
context of special relativity, not classical Newtonian communication system that will transmit the data en _* * 
mechanics. This is because, unlike Newton's back to a satellite orbiting Earth " , 
teachings, Einstein explains that gravity can alter A similar programme to the Focal Mission is 
~ the direction of light and cause the lensing effects the Herschel ATLAS project. The ESA-led project, ’ “ 
__ that will be so important to Focal. like Focal, will look into the far-infrared and sub- ie + 
| OMe ejce)e mun itr ime nM Oem e)e jeer tic el ic e8 0 )) ONIN NOLS toma kU AP Tner me) MAN eed eee we lcm nce etn ? , * 
of the system we want to observe. This is to iF e eC ee ee ORO OO er IE ba met Meenas mr | a a ' 
view the deflection angle created by incoming wavelength. This has led Maccone to claim these . m3 , + 
OCONEE Oe ON MOO mer mele ley (as ele projects are “the next most-important target that 7 | 
but within a certain distance of its centre. These are humankind must reach in order to be prepared for 
| ideal for the Focal spacecraft to use as a lens to see the successive and more-difficult task of achieving Ss 
- into the outer reaches of space. MCeCIE mane ‘ 
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Focal will be designed to see into deep 
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Oort Cloud and Kuiper Belt past Neptune 
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Focal waveband 


_ The ideal waveband is between 
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will be most effective at seeing .. 
into outer space. 























doflar’ 


lon- 


ct] 


aT 


= 





Larger than any telescope ever developed 


and capable of peering deep into space, 
three expensive super structures are set to 
change our view of the universe forever 





iste eee eer ele enel 
sorts - a scramble to create the 
Flee] a Oe le meen) NI ia ler le 
telescopes ever devised. While 
the 2.4-metre- (7.9-foot-) aperture 
Hubble Space Telescope may 
continue to impress as it reveals 
many secrets of the universe and 
unblocks further chunks of 
human knowledge, the 
AGC HMI ema cele nee 
based telescopes that are 
on the verge of being 
built will surpass its 
achievements many 

etme 8 

Each of the next- 
generation telescopes 
- the European Extremely 

Large Telescope, the Thirty 
Meter Telescope and the Giant 
Magellan Telescope - will be 

located not in space, but here on Earth 
in the most desolate regions. 

Benefitting from the high altitudes of mountain 
tops and far from the light pollution of towns and 
alate hee 8) eee me moe 
Gece OPT eCe PO ab meee Oe] ok nee ne) eae 
the telescopes ranging from 25 to 39.1 metres (82 to 
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Written by David Crookes 


128 feet) in diameter, these massive observatories 
will be able to detect atoms and molecules that are 
several light years away, giving us glimpses of the 
universe like never before. 

These telescopes follow the scientific line set by 
Galileo and Newton, but are attempting to redefine 
ecm OUT me DOM Gt MOV Ce) Ame) mt (o we) eee etTebn nT amnley 
See merece tre ek eee oe epee 
previous. The eight- and ten-metre (26- and 33-foot) 
telescopes we see around today followed four-metre 
(13-foot) telescopes - they in turn had followed two- 
metre (6.6-foot) devices. 

The drive for new optical technologies has only 
intensified as the years have rolled by. So, while 
Jodrell Bank Observatory in the UK heralded the 
invention of radio-astronomy in Europe in 1945, and 
the first space telescopes opened up new regions 
SMa ese e eset Hemera cee ei oem el 
wanted to leap ahead quicker than ever before. It's 
SUC eee Nerd oe melee atid 
advances by a factor of four - the team would have 
Pei ms) Ieee meee t ee 

Of course, this is a good thing, and there's no 
question that larger telescopes are needed - they 
will satisfy a desire by a huge numbers of scientists 
to open new frontiers. The only major issue, given 
ive eee eee eee CRT rode em O eal 
should actually be creating more. But that's a topic 
of debate for another time. 
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Europe's window to the 


universe 1: 


extremely large 


Set for completion in 2024, the E-ELT Telescope will see with 
a stunning 15 times the detail of the Hubble Space Telescope 
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in northern Chile, a new feature is set to dominate the 
landscape over the next decade. Sitting 20 kilometres 
(12.4 miles) from the Paranal Observatory, the European 
Extremely Large Telescope (E-ELT) will, when complete, 
become the world's largest eye on the sky. 

It will enable 15 times more detail than the Hubble 
jar eh (ees eel eM CeR Re SIM IE wii 
been before, letting scientists gain insights into the nature 
of black holes, dark matter, as well as energy and galaxy 
formation. It will push human knowledge of space forward 
to unprecedented heights. 

Dr Joe Liske, a German astronomer based at the 
Cee eee eee Acoma et men meme tek D nT 
the 14 member states, from Austria to Germany, Sweden 
to Switzerland and the UK, to throw their weight behind 
the €1.1 billion (£881 million / $1.5 billion) project. Such is 
the scale of the project that the first non-European nation, 
Brazil, is about to become the 15th member. 

“Everything about the E-ELT is huge,” says Dr Liske. 
“The mountain is 3,064 metres [10,052 feet] high but we're 
going to take 18 metres [59 feet] off the top of it to create a 
platform big enough the hold the telescope. The platform 
S)IMCO OMe) MAN Une tile liom elIMe nem eie lie Omi er ee oe 
feet] in diameter, housing a telescope building of 90 metres 
[295 feet]. Inside the building will be a telescope with a 39.1- 
metre- [128-foot-] diameter segmented primary mirror. It's 
going to be quite a sight." 

However, it could have been even bigger. “We were 
studying the possibility of building a 1O0-metre [328- 
foot] telescope, which had the great acronym OWL - 
Overwhelmingly Large Telescope,” he laughs. “But it was 
too expensive and technically too risky. They decided to 
be modest and go for 42 metres [138 feet] before scaling it 
Sted rahe ea com Gilman baton lao. ae 

Underpinning the need for a large telescope is the ESO's 
desire to see Earth-like planets around other stars. Scientists 
want to study them in enough detail so that they can look 
em) HOMO ON CU h Mee ComOe men ee) Mello meri ecme Bt 
Liske says only a telescope of approximately 40 metres 
(131 feet) will enable astronomers to achieve this to its full 
ae) ee eee mime se) mene eA 0 ee em dal 
ability,” he explains. 

In order to achieve the size scientists need, the telescope 
itself will be made up of a large set of mirrors rather than 
a single piece of glass. “You just can't make a single piece 
of glass 39 metres [128 feet] in diameter,” Dr Liske says. 
The primary mirror is broken into 798 smaller hexagonal 
segments around 1.42 metres (4.66 feet) across. It's not a 
ee eet NT Mee eel emt Cela (teele me) e eter: ie 
Hawaii and the Gran Telescopio Canarias, run by Spain on 
La Palma, are also segmented. “But what we've done with 
the E-ELT is take this concept of segmenting a primary 











has 36 segments SO OUTS V | be on an entirely different 
[scale] in terms of controlling the telescope. Each of the 
segments will be individually mounted and steerable. We'll 
be able to move them up and down, tilt them around two 
Phe UR URS eat Teele Teen MOTI Mere) elem et 
because we'll be able to get the best possible image quality 
out of our telescope.” 

The huge primary mirror affects the sharpness of the 
image collected by the telescope. This is fundamental 
physics, Dr Liske explains, or more specifically optics law. 
Fiat B Cele e mice uml meer A mnni ee mem Celestia 
mirrors which in turn direct it to cameras and other 
interchangeable measuring instruments. 

But what makes the E-ELT's large size even more 
impressive is that it can collect more light than all of the 
existing eight- or ten-metre- (26- or 33-foot-) class telescopes 
on the planet put together. “We'll be able to see the same 
objects as we could see before, only to much greater 
distances, or at a fixed distance we could see intrinsically 
fainter objects,” Dr Liske explains. “Both of those things 
are Important to astronomers because we want to see 
further out into the universe.” The E-ELT is earmarked for 
completion in 2024. “It's an exciting time to be involved,” 
Dr Liske says. You cannot fail to agree. 


Cece m ani ene) es 

The tubular device in the centre of the 
telescope contains three more mirrors. One at 
the bottom relays light to an adaptive mirror 
above it. Distortions are corrected. A middle 
Ue ee |e eee 
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Grand comparisons 















At a height of nearly 74 metres (243 that we compare it to one of Rome's Large Telescopes operated by the ESO 
feet), the dome of the E-ELT, with finest: The beautiful Colosseum. appear puny in comparison at just 
MANO Wales Oe em Me eee The E-ELT dwarfs the Roman 25 metres (82 feet) high. “The E-ELT 
dropping sight. The building will stadium by some 26 metres (85 will be, by far, the largest telescope,” 
undoubtedly rival any historical feet), giving a sense of the scale of says Dr Joe Liske, proudly. “We're 


iGO Ie eee gt eat the current project. However, its hoping that we'll have the edge on our 
_ for sheer scale, so diameter - at 1OO metres (328 feet) - AVI eee mee) ote elem Tem elepT ani ay ss 
ace ess ale is similar. Both make the four Very large telescopes elsewhere.” 
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Featuring the world's most advanced mirrors, impressive defence 
against the elements and some of best images imaginable 





The Giant Magellan Telescope will be smaller than 


the E-ELT but it's by no means inferior. Scientists 
at the University of Arizona and in California claim 
it will contain the world's most advanced mirror. 
What's more, the GMT will contain seven of them. 
Work has already started on the telescope. 
FFSCO) USUI M i me) Eté eee RO OO Rall elem ni lac 
(3 million cubic feet) of rock from the top of a 
mountain in the Chilean Andes and this will provide 
a base for the structure at the Carnegie Institution's 
Las Campanas Observatory, which is now poised to 
Ni MA eee eet Ce ee N maths 


outstandingly good images. “They were producing 
Em Ota) (ee ROTM at mun oe dele 0 
says Dr Patrick McCarthy, director of the GMT 
Organization. “They performed well mechanically, 
they're very stiff and they're polished to exquisite 
precision in Arizona. We learned how to control 
them on the mountain tops, manage their 
temperature and adjust their shapes. People then 
started thinking about the next stage: how we could 
go from a ten-metre [33-foot] telescope to 20 or 30 
metres [66 or 98 feet].” 

While the primary mirrors of the E-ELT and TMT 


ae tile Wea OW rte ele ce) mde Bt (o-ee)s eM le arom 008 will be made up of small segments, the GMT takes 
Director UNUM SCO OOM Ie MOO Ce Ot MON eee m cre six 8.4-metre (27.6-foot) mirrors and arranges them 
Ee mirrors made in Arizona were producing off-axis in a lotus petal shape around a central 
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Observatory in Chile. 











’ Total collecting area 
The seven 8.4-metre- 
(27.6-foot-) diameter 
TACO EM a O UU SUN =m Ce 
produce one large mirror 
with a total collecting area 
of 368 square metres 
ER] 5) ete ee (-t) 


“Tt will enable them to collect fantastic 
images at the most cost-effective price” 


mirror, making seven in total. This forms a single 
optical surface with an aperture of 24.5 metres 

(80 feet) and because the mirrors are stiff, as Dr 
McCarthy points out, they will be able to cope well 
Geet eh CIC) an phew One| Oe 

jUit-m Cole) em lee lene el mc nee eek 
optics. Flexible secondary mirrors adjust to 
counteract atmospheric turbulence so, as with the 
other two telescopes, which also use such a system, 
the GMT willbe able to correct atmospheric blurring. 
Since it has a large aperture that can hold images 
ania inal} UES MATION ene) modo nn ek 
(26-foot) apertures around today, the GMT will have 
resolution unlike that of any current system. 

“It became clear that the new emerging field 
of exoplanets - the study of planets around other 
stars - really was crying out for a larger aperture," he 
says. “It really requires the improved performance ~ 
ieee Weir cM Cees SiMe Re) meiira ale TR NinTiCoe 
imaging, in terms of thermal background and just 
overall sensitivity." 

LUAU M ON eGR GNC ON ISCO Eee moc nemer eT 
make a telescope that will be compact and optically 
fast. It's smaller than the E-ELT - the telescope could 
have had more than seven mirrors but that was the 
maximum the team aimed at, primarily to keep 
elec ps ee Renee ae Merl adr ee him Omelet le 
a n the two telescopes in terms of scientific 
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eC eN ENC meets eee ee nee le 
the same thing with the different 30-metre- [98-foot-] 
class telescopes,” he says. 

ST eM seco yatelm datum idem ati eee manele 
detail as the Hubble Space Telescope and by basing 
it in Chile at an altitude of over 2,500 metres (8,202 
feet), it will enable them to collect fantastic images 
at the most cost-effective price ($1.05 billion or £610 
million). The centre of the galaxy and all the major 
star-forming complexes go right overhead of Chile, 
which means the telescope can look almost anywhere 
in the sky outside of the Milky Way and get a fair 
SE TINIS) me) Me) eD eT me) DeLee 


“If you want to find locations on Earth that are well- 


suited to optical and infrared astronomy, you want to 
find a place that's dry and has clear weather,” says Dr 
McCarthy. “But it's critical to have locations in which 
dime) CRM ee COM n (men eel imcm del memes 
hundreds and thousands of miles unimpeded before 
mca etc O) tm eelt HTP mcs) ome Malm @l nti oc teme Wael 
is perfect and there's no prospect of light pollution 
because it's so remote.” 

The GMT will enable astronomers to discover more 
about the universe than ever before. "We have a 
large list of other interesting topics involving looking 
ole at eee MU ee Oe Ob eee aoe 
measuring the growth of black holes and so on and so 
on,” Dr McCarthy says. It is set to go live in 2020. 
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Made of glass 
Constructed by the University of Arizona's 
Steward Observatory Mirror Lab, each of the 
seven mirror segments that will make up the 
GMT will be cast from 20 tons of glass. Our 
picture shows the glass being loaded into the 
84-metre (27.6-foot) diameter furnace mould one 
piece at a time. When this job is complete, the 

lid will be placed on top and it will be heated to 
1,170 degrees Celsius (2,138 degrees Fahrenheit) to 
melt the glass into the mould. The mirror is then 
polished to match a precision of 19 nanometres 
using a series of fine abrasives. It will then be 
assembled with the other mirrors to form a single 
25-metre (82-foot) optical surface. So far three 
segments have been cast and the fourth will be 
ready for casting in 2015. Even though there will 
be seven mirrors in total, astronomers will be able 
to start their observations with just four in place. 
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Larger than the GMT but smaller than the E-ELT, the 
Thirty Meter Telescope (TMT) represents the middle 
eround. As the name suggests, this telescope will 
have a mirror 30 metres (98 feet) in diameter at its 
heart and it will have a collecting area of 655 square 
metres (7.050 square feet). The astronomers working 
on it say it will become the most advanced and 
powerful optical telescope on Earth. 

Unlike its rivals, the TMT is set to be built, not in 
Chile, but at the Mauna Kea Observatory in Hawaii 
and it is the culmination of three major projects: 
the California Extremely Large Telescope, the Very 
Large Optical Telescope in Canada and the Giant 
Segmented Mirror Telescope, each of which have 
merged into one scheme. 

It is a truly international affair with the University 
of California, the Californian Institute of Technology, 
Canada, China, India and Japan joining forces. By 
combining such expertise, the project has been able 
to draw upon some very experienced astronomers. 

One of those is Dr Luc Simard who is developing 
instruments for the TMT. “The TMT continues the 
technology of Keck which has a ten-metre [33-foot] 
mirror made up of 36 segments of 1.8 metres [5.9 
feet]," he says. “We are using 492 segments, each 
one 1.4 metres [4.6 feet] in diameter. Since we are 
using slightly smaller segments and many more of 
them, we will be able to better control the alignment 
and phasing when the telescope is being moved 
around the sky." The 492 segments behave as a 
single monolithic mirror that is 30 metres [98 feet] in 
diameter. “It’s quite a powerful technology; it's very 
beautiful, it really scales nicely,” Dr Simard says. 

A secondary mirror will be three metres (9.8 
feet) in diameter, which is as large as the primary 
mirrors of some telescopes currently in use. Working 
in tandem, the telescope will have nine times the 
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collecting area of the largest telescopes around 
today. “That's the cool thing when you build a 
bigger telescope - you end up with a finer angle 

of resolution,” he says. “So let's say you took the 
diameter of the full moon and you divided the 
diameter by two million parts, you'd be able to see 
about seven of those parts with TMT and that's how 
powerful it is." He would have loved to see the TMT 
even bigger than it is and says, if money was no 
object, that would be possible. But he adds: “There is 
no doubt that what we have is powerful and when 
you use it to look into the sky, it will show everything 
moving. It's the kind of thing a fine machine like 
TMT will be able to achieve.” 

By building adaptive optic systems on large 
platforms surrounding the telescope, astronomers 
will be able to shrink the size of the images so that 
they are close to the diffraction limit of the telescope. 
The diffraction-limited spatial resolution will exceed 
Keck by a factor of three. “Our telescope is going to 
be almost 200 times more powerful than the current 
class of eight- to ten-metre [26- to 33-foot] telescopes,” 
he adds. 

TMT is being built to be a fine all-rounder, equally 
at home when aimed at the Solar System to study 
the Moon and its planets to discover more about 
them as it will be looking at its outer edge. By basing 
it at Mauna Kea, the team believes it will have a 
prime spot for the telescope, allowing astronomers to 
observe near-ultraviolet to mid-infrared wavelengths. 

The TMT will find itself 4,050 metres (13,287 feet) 
high - higher in altitude than the mountains being 
used by its rivals in Chile. “It is a really truly excellent 
site in terms of the number of clear nights, dryness 
and altitude,” Dr Simard says. “You're above most of 
the cloud cover and above most of the water vapour 
in the atmosphere. It's a premier site.” 


TMT in focus 


1 Spacing 

The spacing between the segments 

of the primary mirror is less than 
three millimetres (0.1 inches). The 
primary and secondary mirrors are 
hyperboloidal and together they create 
a well-corrected focus. 

2 Laser beams 

The Laser Launch Telescope will 
project a constellation of six laser 
beams into the upper atmosphere and 
this will create artificial reference stars. 
3 Optical axis 

The optical axis of the telescope (that 
is, the location of the tertiary mirror) is 
23 metres (75 feet) above the floor of 
the observatory dome, which is highly 
impressive indeed. 

4 Grand scale 

The TMT science instruments (which 
you can see in this picture as the 
cylinders on the two side platforms) are 
in-keeping with the overall structure: 
they are the size of small buildings. 
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What will t 





The telescopes will boldly go where no man 
has gone before without even leaving Earth. 
But what do astronomers hope to achieve? 


Astronomers believe the new wave of large 
telescopes will allow them to make breakthroughs 
that current technology simply does not allow. But 
the fondest hope of scientists is that they discover 
Ie) UNO ND INMOO)OODe) CIAO DA =o gee (-d we VOOM em 
most exciting thing,” says Dr Patrick McCarthy. 

Still, astronomers have a long list of items they 
oti e Mb d om Come lelel (ee Dee OUP ON mach aman 
large telescope will enable them to achieve. First 
on many an astronomer's list is the ability to show 
OSU MM OE MO em Reema Cee 
conducive to supporting life. 

Paice nlite G00) Otte Omen Come Rie e 
that are perhaps a little larger or smaller than our 
O) IMEC Mel MON mio laciee)e cee ceed Oh ned lerci ace) nl 
eee We eee ee enum eli nTeae dente) Menem be ate) 
find them will be a prime motivation. So far, none 
of the 1,500 exoplanets that we know of are similar 
enough to Earth, but it is envisaged that hundreds 
UNCOCom TIM eee aCe WLU ON (om pA Claim) ee 
some of which may be better matched. 

It is, therefore, hoped that the large telescopes 
will enable scientists to find water-carrying planets 
Goria NPM ON meV CON eeepc eter ky 
want to find biomarkers of oxygen, methane 
and other chemical and molecular species that 
are believed to be directly related to biological 
processes. The telescopes will give them a very 
good chance of discovering life on the surface of an 
Ce) SET mF eN ele Tim NUN NMG eC eel i em el 
a rocky surface or an ocean or whether or not they 
ONES 18 (80 F 

The telescopes will also enable scientists to look 
sre eV eM itae rma MTN eel Ue M eta eE 
oe Reece eb e ce Meme ton Ree 
to observe the first stars because they are very 
different from our own Sun,” says Dr Luc Simard. 
“They start the story of nuclear synthesis - you can 
trace the products of the nuclear synthesis inside 
stars all the way to our own bodies.” 

With the ability to see the centre of the Milky 
Way and study a black hole 4 million times the 
mass of the Sun, and with hopes of being able to 
epics heel om Aire e Jee N mem db omn pho tok 


“There is the 
possibility of our 
comprehension 
of the general 
laws of physics _ 
being redefined" 


8 



































VAs 











expansion, there is the possibility of 
our comprehension of the general 
laws of physics being redefined in 
Seeks 

It helps enormously that the 
new telescopes are able to take 
images at very high resolution. In doing 
emere ele im me ole) meme TINY 
separate a planet orbiting a star from 
tiem ee NedeCme) me melt ee wil ae) i 
yourself getting onto a spaceship, flying 
far away from the Earth and then turning 
round,” says Dr Joe Liske. “You'd see something 
extremely bright - the Sun - and something very 
faint - the Earth. But from a distance of a few light 
years, the Sun and Earth appear extremely close 
fey dee epee Coes) ome] e me elem earl 
kind of view - we'd be able to get a greater sense of 
their position.” 

With new scientific frontiers opened up, 
astronomers will not only uncover objects they 
did not know existed but also discover things they 
thought they knew were wrong. The discoveries 
won't happen straight away - it may take a few years 
for the scientists to learn how to make the telescope 
PCM IGE R Net ais meme )t mde cem- beni el 
be some early advancements. 
We should start seeing 
ta (jee ace) ey eer 
elem eee | cl 
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Gamma-ray bursts 

So far, existing telescopes have been 
useful in telling scientists more about 
the burst of energetic gamma-rays. The 
visible light following a short-duration 
burst was seen for the first time in 2005. 
The E-ELT will see with greater clarity. 


Planetary systems 

With around 100 planetary systems 
well understood in terms of their orbital 
structures and dynamics, the team at 
GMTO believe between 30 and 40 of 
them will be clearly viewable from Chile, 
enabling teams to study them further. 











The Moon 





Sure, mankind has actually set foot on 
the moon. We know it's not made of 
cheese. But the TMT will be able to get 
up close and monitor its surface in real 


time to study any possible changes that 
are Occurring. 
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Exoplanets 

There are hopes of finding an Earth-like 
planet reasonably close to Earth - within 
30 light years or so - over the next 12 
months. Once found, it will form a major 
target for scientists working with the 
E-ELT to probe them further. 





Cold Jupiters 

Hot Jupiters are the easiest extrasolar 
planets to uncover, which tells you that 
cold Jupiters are not. But because the 
GMT can gather light from deep into 
space, scientists could see Jupiter-like 
planets further away from their star. 


Star clusters 
According to Dr Luc Simard, one of 
the races among the three teams 


involved in the three telescopes could 
see them battling to get the first high- 


resolution shot of the galactic centre of a 


star cluster. 





Billion-dollar telescopes 


Early galaxies 

Astronomers want the E-ELT to work 
together with the James Webb Space 
Telescope to try and uncover the first 
generation of galaxies in the universe. 
They want to go back much further 
than ever before. 


Black holes 

The GMTO team will be looking 
specifically at black holes to a distance 
of half way back to the Big Bang. They 
want to measure masses, see how 
they grow, ingest gas and see if they 
merge with other black holes. 





Kuiper belt 
Beyond the planets and extending 
from Neptune's orbit to the sun, 
this huge band of objects from the 
formation of the Solar Systems is 
begging for exploration. TMT’s team 
want to look at the chemistry. 





things 
they could 
discover 


=m) More about 
‘== General Relativity 
Scientists will look at the orbiting 
stars around the supermassive 
black hole sitting in the centre 
of the Milky Way. Studying their 
behaviour will help them test 


general relativity in the vicinity of 


a black hole. 


= New regions 


eae A hundred years ago, no one 
expected the universe to be as large 
as we know it is today nor did they 
realise it was expanding. Telescopes 


opened up new regions of space 
and the next generation will be 
looking to do the same. 


gm Enhanced astrometry 
“aa” As soon as the telescope 
gets going, it will provide a very 


powerful adaptive optic system and 
that means the field of astrometry - 


taking precise measurements of 
the positions of celestial bodies - 
will be revolutionised. 


(wn Dark matter's 
== composition 


By being able to gather more light, 


the high-resolution telescopes wil 
be able to study the dark matter 
and dark energy that comprises 
much of our universe. 


fe Evidence of life 

‘== Are we alone? It's the big 
question and by studying the 
earliest stages of the formation 
of planetary systems, scientists 
hope detecting water or organic 


molecules will answer it once and 


for all, opening up whole new 
waves of intrigue and research. 


ft = 
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Billion-dollar telescopes 


TUETE 100,0 00 g ] erie 











Location: 
Diameter: 














Location: 





Diameter: 


ital) ee 
TMM (eed eee 
equipped with laser gu 
adaptive optics..As we 
CT M yee) eae 

2009, it detected met v1 Diameter: 
Mars, an indicator of possible li 


Location: 


Location: 
Diameter: 





BTA-6 has found new 
aneel Aeveinadete sonal 
SR Ve Mont hcd 


By 


eee )9)-l0 | Cieele see Olea cela ae er) 
Diameter: <9) 
ae BTA-6, in the Caucasus Mountains of Russia, 


































was dubbed a white elephant soon after it began 
_ to operate due to issues with the mirror. Since 

rectified, it recently discovered new binary and 
multiple star systems with magnetic compounds. 
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‘gf' Anglo- 
Australian 
ge Cea 


oss. Siding Spring Observatory, New South 
Fae ee) 

eet le 3. 89m/12.8tt 

_ Celebrating 40 years on Earth, many scientific 

_ publications have been based on the discoveries 
of this telescope. In 2013, scientists in Australia 
found the last giant outburst of energy from 

ut-e-fe ellen [-M a) le mle] Mamata deme) mele 
galaxy took place two million years ago. 
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Southern African 
Large Telescope 


—.,- South African Astronomical Observatory, Northern Cape, South Africa 
Diameter: =.) 2 =) 

As the largest ground-based ogtical instrument in the southern hemisphere, its hexagonal 
primary mirror is over 9.8 metres (32.2 feet) in diameter. It’s aim is to study the absorption 
and emission of light and other radiation by matter of astronomical objects. 


The Anglo-Australian 
Telescope is over 40 years old 
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They won't be 
around forever 


The Moon has been gradually moving away from 
the Earth since its formation, so that a few hundred 
million years ago it was too close to precisely cover 
the disk of the Sun. In the far future, the Sun will 
have expanded in its older age and the Moon moved 
so far away that it will no longer cover it entirely. 
This means that solar eclipses will only be around 
for a while, and the last one will occur around six 
hundred million years from now. 


Eclipses are 
dangerous 

While viewing an eclipse without protection can 
EVE rom Veta ocd sl ae Bream e beter ell Com ah) 

Elm deteMltv Mma nome ll OM IMO) Td tl eelecicmer emir Tcom (ere) @1 ets 
up at totality a temptation. Retinas can be damaged 
sete Vee hace deie eB ieee (seme) ee 
second if the eclipse is viewed through binoculars, a 
telescope or the viewfinder of a camera. 
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confirtl Einstein's 
theory of relativity 
A total solar Praises in 1919 helped confirm the 
theory of general relativity, four years after Einstein 
had published it. The total eclipse showed a 
gravitation lens in action - with the Sun between 
the Earth and the stars while the Moon occulted 


its bright disc, the Sun's gravity could be seen to 
ET ttT AULT ds eCe)nU meh eles 









4 i: “ 
getting shorter 

A number of factors determine the duration of a 
total solar eclipse, crucially how close the Moon 
is to its pedigree, when it's closest to Earth. The 
ERATION ee MeN Cees sehen 
minutes and 32 seconds, though that figure is 

tar eee co ieee meee lel iia mee 
OOM eerie le le 
observation of a total eclipse as it happens can be 
dc be CORO ave tne 


NKorea aiiee- 
are rare 


While one total solar eclipse occurs somewhere 

on Earth at least every 18 months or so, they only 
happen in the exact same place approximately 
once every 400 years. Today's transport has made 
travelling to the path of totality a possibility for 
aye iOM et MTV de cme el VOM er ome 0 le Qe ee ee 
total solar eclipse during your lifetime. 
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How does Astronomy atitect our evervday life? 
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Constellations can be used for navigation. 


i the oldest sciences. 


Planet Earth Education is one of the UK's most popular and longest serving providers of distance 
learning Astronomy courses. We pride ourselves on being accessible and flexible, offering attractively 
priced courses of the highest standards. Students may choose from five separate Astronomy courses, 
suitable for complete beginner through to GCSE and first-year university standard. 


Planet Earth Education’s courses may be started at any time of the year with students able to work at 
their own pace without deadlines. Each submitted assignment receives personal feedback from their tutor 
and as there are no classes to attend, students may study from the comfort of their own home. 


Of paramount importance to us is the one-to-one contact students have with their tutor, who is readily 
available even outside of office hours. Our popularity has grown over several years with home educators 
using our courses for the education of their own children, many of whom have obtained recognised 





science qualifications at GCSE Astronomy level. With each successfully completed Planet Earth 








Education course, students receive a certificate. 


Visit our website for a complete syllabus of each available course, along with all the necessary 
enrolment information. 























Courses available for enrolment all year round. 
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Established for over 65 years. We are 
one of the Midlands largest specialists 
in Astronomical Scopes, Binoculars 
and associated accessories. Through 
our website and showroom we supply 
optics from some of the world’s 
leading brands including Celestron & 
Skywatcher at some of the most 
competitive prices in the UK. We 
offer a full mail-order service offering 
next day delivery on many items held 
from stock. yy, 




















it our new showroom 
The Arden Centre 
Little Alne 
Warwickshire 

B95 6HW 

Tel. 01789-488880 


Astronomik, , Boader, : 
Celestron, , Fornax, ; 
Moravian Intruments, , Lunt, 
, leleskop-Service, 

, Yukon, 





and many more! 





Call 020 33 845 187 between 9am —- 8pm 7 days a week. 
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Why do we need to stop germs spreading through space and how does the 
Planetary Protection programme prevent this? — written by Luis vitlazon 
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Outer space quarantine 
FS TT 


We may not have discovered any alien civilisations 
yet, but mission planners are still bound by the 
equivalent of Sfar Trek's Prime Directive. Article IX 
of the United Nations’ Outer Space Treaty requires 
space-faring nations to make sure that space 
exploration doesn't accidentally contaminate our 
world, or those that we visit. At NASA, responsibility 
for that falls to Dr Catharine Conley, planetary 
protection officer for the Science Mission Directorate. 
“We know, from experience on Earth, that moving 
organisms into novel environments can have 
unexpected effects - invasive species and infectious 
diseases have demonstrated this," explains Dr Conley. 
“The objective of planetary protection is to prevent 
similar unfortunate things from happening, both 
when we go to other planetary objects and when we 
bring material back to Earth.” 

Planetary protection is about reducing risk, not 
eliminating it altogether. It isn't realistic or necessary 
to insist that spacecraft can’t be launched if there 
is even a single germ clinging to the surface 
somewhere. “Very few spacecraft are actually 
sterilised, if by sterilised one means treated so there 
are no living organisms present,” says Dr Conley. 
"Spacecraft going to places that can't host Earth life, 
which is almost everywhere in the Solar System, 
are assembled in clean rooms, but have no more 
constraints than that.” For Mars and certain other 
moons of Jupiter and Saturn though, we need to be 
much more careful. 

Planetary protection isn't just a question of 
avoiding the spread of diseases. In order to look for 
signs of life on other planets, spacecraft use very 
sensitive instruments that look for organic molecules 
in the soil and record the uptake of radioactively 
labelled nutrients. If one of these experiments 
ever records a positive result, scientists need to be 
absolutely sure that it wasn't caused by bacteria 
hitchhiking from Earth. In the 1970s, when the 
Viking probes were sent to Mars, the best way to 
definitively kill all microbes was to bake the entire 
spacecraft in a huge oven. That's much harder to do 
nowadays, because modern electronics are almost 
as easily destroyed by heat as the bugs themselves 
are. However, research is ongoing to find ways 
of sterilising spacecraft with chemicals such as 
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Outer space quarantine 








Apollo 11 
oon plague 


We once thought the Moon 
could harbour deadly germs 


In 1969 scientists had yet to definitively establish 
that the Moon was lifeless. NASA was concerned 
that the returning Apollo astronauts could bring 
space germs back with them, so it designed 
elaborate quarantine procedures. When the Apollo 
ll command module splashed down, a rescue 
diver dropped from a helicopter with a pair of 

life rafts. One of these was used as a floating 
decontamination station. The diver put on a 
special biological isolation garment, or BIG suit, 
then cracked open the hatch on the command 
module and quickly threw in three more BIG 
suits before shutting the hatch again. While Neil 
Armstrong, Buzz Aldrin and Michael Collins put 
their suits on, the outside of the hatch was sprayed 
with bleach to disinfect it. The hatch was opened 
a second time and the astronauts clambered into 
the decontamination raft where they were each 
sprayed with more bleach. 

After that they were winched aboard the 
helicopter and taken to the USS Hornet, where 
they went immediately to one of the four mobile 
quarantine facilities (MOFs) that NASA had 
converted from Airstream caravans at a cost of 
$250,000. Each MOF had its own food supply and 
air-filtration system. The three astronauts, plus a 
doctor and a technician, stayed inside the MOF 
as it returned to Pearl Harbor aboard the USS 
Hornet, before being loaded onto a truck, then a 
C-141 cargo plane and flown to Houston. All five 
men had another two weeks of quarantine ahead 
of them in the Lunar Receiving Laboratory. This 
quarantine system was used for Apollo 12 and 14 
as well, but the concerns about a ‘Moon plague’ 
had abated by 1971 and the crews of the last three 
Apollo missions were spared the discomfort of the 
MOF trailers for the last leg of their journey home. 





The three Apollo 1] astronauts in their green BIG 


suits step from the helicopter straight into the 
waiting mobile quarantine facility 
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‘NASA clean rooms use air filters that * 





trap 99.97 per cent of particles’ 


hydrogen peroxide, which won't severely damage the 
spacecraft itself. 

In the meantime, NASA clean rooms use air filters 
that trap 99.97 per cent of particles larger than 300 
nanometers, which is about the size of the smallest 
bacteria. Spacecraft and all the surfaces of the clean 
room itself are regularly cleaned with iso-propyl 
alcohol. Unlike ammonia-based disinfectants, this 
doesn't leave an organic residue behind when it 
dries. After the spacecraft is built, it may be stored 
and transported in a pressurised container so that 
air tends to leak outwards, rather than inwards, and 
a pressurised tent may also be erected at the launch 


site when the spacecraft is integrated with the rocket. 


When you consider that the spacecraft will then 
be exposed to the vacuum, ultraviolet and other 
forms of radiation in space for several years before 
it even reaches its target planet, this can start to 
look like overkill. Even so, some bacteria and fungal 


spores are known to be able to survive in space and 
even if they don't, the organic molecules present in 
their dead bodies could still affect the readings of 
some of the most sensitive instruments. Even with 
all their stringent procedures, NASA technicians 
recently discovered a new species of bacteria called 
Tersicoccus phoenicis. This species has only been 
found into two places on Earth and both of them 
are spacecraft assembly clean rooms. This isn't an 
indictment of sloppy standards at NASA - in fact, 
it's quite the reverse. The clean rooms are so sterile 
that only this tiny, hardy little bug remains and the 
literally microscopic scrutiny that every surface is 
subjected to, means that every strain and species of 
bacteria is detected and catalogued. 

Planetary protection doesn't end once the 
spacecraft has been launched. A strategy known as 
trajectory biasing is used to prevent orbiters from 
accidentally crashing on other planets. The spacecraft 
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Keep it clean 
Modern spacecraft are assembled in 
conditions that rival an operating theatre 








1. Clean room 2. Protective clothing 

All spacecraft are assembled in clean room facilities to prevent dust and metal filings Everyone in the room must wear a head-to-foot bunny suit and powder-free gloves, to 
from damaging instruments. But planetary protection also involves air-conditioning minimise the chance of skin flakes or bacterial spores falling on the spacecraft. Every 
systems that blow a smooth stream of highly filtered air across the facility. scientist and technician wears a fresh set every day. 





3. Wipe down 
Components for some spacecraft may also be carefully cleaned with alcohol wipes 
during assembly to further remove any organic grime and kill bacteria that may be 
lurking in crevices. 


—_ 


4. Sterilisation 5. Microbial assays 

The Viking landers sent to Mars were placed inside bioshields - like giant casserole To check that the spacecraft and the assembly facility are clean enough, technicians 
dishes - and baked inside an oven at 112 degrees Celsius (234 Fahrenheit) for 30 regularly take surface swabs and culture them to see how many viable spores remain. 
hours. Planetary protection accounted for ten per cent of the mission cost. The target is no more than 22 spores per square metre (two spores per square foot). 
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is initially aimed deliberately off-target, by as much as directly, so it receives 

a few hundred thousand kilometres, so that if there is ats Sy lower [Va 

a navigational error or communication is lost, it will sub-category. 

simply disappear harmlessly into deep space. As the 

spacecraft gets closer and more-accurate telemetry is 

available, the spacecraft makes a series of correction , | 

burns to progressively eliminate this safety margin. Mars Phoenix 
Spacecraft that bring samples back to Earth are Lander 

subject to the highest category of protection. This IVc 

May seem strange at first - Earth receives a constant Mars 

bombardment of meteorites that originated on other Ollie (ace 

planets, so why should the samples that we bring TR Ba rs 

back deliberately be handled so carefully? “Meteorites a OB) ea | 
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material was ejected from Mars. This is very different CURLER tae h l2 

from an active sample-return mission from Mars, 

which will take only a few years to transport material <7 

from Mars to Earth. | es : ‘ieee: d is 
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Categories 

of ris 

Every space mission is 
assessed for its potential to 
contaminate another mission 


Category | - minimal risk 
| Missions to the Sun, Mercury and 










@arlaa: a Jupiter's volcanic moon lo, are the 
- least vulnerable to contamination. This is simply 
ele because no Earth microbes could survive there. 
acre No special precautions are needed before launch 
us: Ongoing or during the mission. Category | is almost never 
eB ee used because even a gravity assist around Venus 
eA Cel is enough to bump the mission to Category Il. 


TT) etre EC Melee emt 
downgraded to Category Il. 


Category Il - low risk 
This is where the planet or moon 


might be able to tell us something 
about the chemistry of the early Solar System, 
but the mission itself has almost no chance of 
contaminating that body. These missions are 
assembled in clean rooms. 


fi Category Ill - medium risk 
Flyby and orbiter missions to most 


other bodies come under Category III. 
Orbital trajectories must be carefully calculated so 
the spacecraft does not crash onto the surface. 
The spacecraft is assembled and integrated with 
the launch rocket in clean-room conditions. 


Category IV - high risk 
Mars, Europa and Enceladus all have 


evidence to suggest there may be 
either liquid water or underground environments 
that could harbour life. Landers and rovers to 
these bodies are cleaned during assembly to 
reduce the number of bacterial spores. In some 
cases the spacecraft is also fully sterilised. 


| Category V - critical risk 
| Any sample-return mission is 


automatically Category V. If the planet 
or moon isn't expected to harbour life of its own, 
the mission is Category V Unrestricted. If there is 
any doubt, it is Category V Restricted. Planners 
must be able to guarantee that the spacecraft 
won't crash or break as it returns to Earth. 
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The new wmchriony that combines 3D printing ~~ 
and large-scale construction in outer space 
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Another key benefit 


of 3D printing in space 
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Once the VLT has calibrated its 
aa telescopes with the Laser Guide Star, 
, Fe it can detect objects four billion times 

F ; weaker than the faintest object the 


© ESO 
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took longer to get to Jupiter than 
Ae Comte a eu oe-jec eae lit 






In proud association with 
the National Space Centre 
wWww.spacecentre.co.uk 


Sophie Allan 


Josh Barker 


ee 


Se MW» than Galileo and 


§ interdisciplinary science } zt = ® 
| and loves the topic | , 5 | : = 
of space as it brings . | | , | 


1 scentific disciplines. 


| enthusiast on All About 
| Space magazine. 


_ National Space Academy 


Education Officer 


| Sophie studied 


astropnysics at 
university. She has 
a special interest in 
astrobidiogy and 


planetary science 


National Space Centre { | 
B Zoeholds a : BR aerers terol 


Master's degree in 





loneer and Voyager 
i probes take less 


a Master's in physics | 


| | e 5 
and astropnysics, Josn | | ) 
continues to pursue his + | 
Interest in space at the ) | | : | | 


National Space Centre 


together many different 
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Senior staff writer 


8 Gemmahas been , sat Ss a *!lCUF= | | ) dj 
elected as a fellow of a . © ¢ aSSsl : qT 
the Royal Astronomical -. ‘i ee | ® 





| Society and is akeen 


stargazerandtelescope fw) | ) » Brad Gallagher Galileo and Cassini on a direct path to 
2 ,* The reason is mainly down to the eee se eee Or ala melee cos 
ieee ee eda e ee a ieee meant that NASA refused to allow 
Voyager missions followed the rockets of both spacecraft to be 

a direct trajectory while EVeber@atem Delt lenme meinen tne! 


Galileo and Cassini followed Curved trajectory, this meant that 
Tete dR Cente tes both spacecraft also had to be 





a circuit, which relies blasted off into space on smaller 
on the gravitational rockets than planned. 
assistance of planets. Cassini and Galileo actually saved 
While it could have on fuel despite taking longer to get 
been possible to send to Jupiter. GL 
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@’. SOLAR SYSTEM 
Which comet 

will pass by r 
Earth next? 


Joseph Cunningham 

C/2012 Kl (PANSTARRS) may still be 
visible with binoculars as it passes 

this month. Over 70 are expected to 
make their closest approach to the Sun 
during this year, passing by us on their 
way to perihelion. Sadly, 2014 does not 
offer a great deal in terms of returning, le ) 
periodic comets that will be bright and i ee 2 a The idea of exploring space has 
observable with the naked eye. Long SS el ae been presented in the works of authors 
period comets that have travelled in ) | 5 eae ee f suchas H.G. Wells who penned The 
towards from as far as the Oort cloud ? a~ - ee | ae War of the Worlds 
at the edge of our Solar System are 
a lot more difficult to predict. One of 
these comets, C/2013 Al Siding Spring, 


| | es . ” ee 
is expected to pass very close by | : | Who initially 


Mars late this year. In 2013, over 60 —_—- _~ - ae , 

new comets were identified, so there eae or ae ae decided that 
is always the possibility that there | hd ee ‘ | | | | . 

are many to pass by us that we just a Pe | - . > i we should 
haven't spotted yet. ZB _ nl ——-¥ a = Fr a ee venti ir e into 
NSPS ONO space? 

i | le oe oe | . , | Andy Blunt 

ifs dalaas | ditference between The desire to explore space isn't really 


something that was kick-started by 


astronomy and astrophysics? one person. Since before the beginning 


of recorded history, people have 


Comet 2013 Al Siding Spring is 
expected to pass closely to Mars 
late this year and make a close 
approach to Earth 
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PB tite Earth's atmosphere and involves associated with celestial objects and observed space and discussed what 
Many argue that there isn't really the measurements of positions iter ele Pm On PA Tre Le Cen nem Opts it might be, where the objects in it 

EMC csiGeMe a Te ema ene i e| and characteristics of heavenly physics of stars, planets, black holes came from and talked about exploring 
Mi OUI elite Cea erl hy pele me WIACO) FINI e MOON me) On oe and their formation, evolution and beyond the surface of the Earth. The 
NN et em Ih eS e-em ei ee hand, concerns itself more with the ultimate future. Yet an astronomer idea of exploring space has often 

to understand findings. However, application of physics to understand ele GMa onteCoMbNlitait6 Tee anny been presented in works of fiction 

cel vPeN eV IAM e lc Naeem ele e) nO) Pn hE astronomy. An astrophysicist works the night sky, taking careful note of most famously by authors such as 

the study of anything beyond the to understand the physical processes positions of the objects within it. GL H.G. Wells and Jules Verne. The actual 


exploration of space didn't really 
begin until the 1940s when rocketry 
technology developed at pace and 
weaponry started to be repurposed 
for exploration. JB 


An astronomer observes the night sky, 
while an astrophysicist works to understand 
ieee eee ee eR ee 
objects in the universe 








-—__ Elliptical galaxy IC 1101, at the - 
neice esl becrrcnsy 
: a: WiC is the largest we know of 
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Can I get 
involved in — , wai 
gamma-ray What is the largest galaxy we know of? 

astronomy? Miranda Sacks diameter and houses approximately star formafion is low because 


| 4 DEEP SPACE 


Currently the largest known galaxy 100 trillion stars. That's about 400 ECA etl ele anal 
Luis Priest in our observable universe is believed times as many as our, comparatively material left. 
The problem with gamma rays is to be supergiant elliptical galaxy IC tiny, Milky Way galaxy, which reaches It is thought that collisions and 
that they are absorbed by Earth's 1101, found at the centre of the Abell around 100,000 light years across. * Coalition of spiral galaxies are 
atmosphere. This is lucky for us 2029 galaxy cluster, over one billion Elliptical galaxies are clusters of old responsible for the formation of the 
in the sense of protecting us from light years away. IC 1101 could be up stars and range from spherical to a massive conglomeration of stars that 
dangerous high-energy radiation, but to around six million light years in squashed ovoid in shape. The rate of Ut) eee Lee hae 4: 


* | 





a problem for astronomers who want 
to look for gamma-ray sources emitted 
from high-energy objects such as 
supernova and gamma-ray pulsars. 



















Clements’ telescope is even 
larger than the instrument built 





ec 


As a result, PdalTiMd-ray telescopes by William Herschel in the 1700s, L A gee a | , rT 
are launched into space, beyond the which possessed ye at 1S [ eC | argest 
atmospheric shield and so hands-on a 126-cm (49.5-in) | 
famma-ray astronomy is difficult to primary mirror d ate | | T tele SCO Cc 


do outside of a research department. 
However, if you would like to 
participate in a citizen science project, 
like the volunteers who helped find 


ever built? 


sae ieetiten sone 2. oe Yasmin Isaacs 
new young gamma-ray pulsars, = Sn, nie 
a aes ise e fee cies => a ™ While many amateur 
you can take part in the Einstein@ ee co ~, | ; 

Eps eg rc ga | r= =3F J astronomers would be happy 
Home project and give some of = : , 
= SS reer me 3 with a moderately-sized 20- to 
your computing power over to real a a. 


25-centimetre (eight- to 

ten-inch) telescope, the 

largest amateur telescope 

that has ever been built is a 
whopping 178 centimetres (70 
inches) - currently the largest in 
the world. Mike Clements from 
Utah built a telescope that has a 

. mirror that was meant for a 
| Cold War spy satellite. He 
} obtained the mirror through an 
auction when the mirror wasn't 
discarded by the U.S. Department 

Me of Defense when they discovered 
he woe that the edge of the mirror was 
<a slightly chipped. Clements 
then built the rest of the 
telescope from everyday 
materials, causing it to 

weigh in at a whopping 1,361 
kilograms (3,000 pounds). GL 


astronomy research. $A 


You can take part in citizen science 
project, Einstein@Home, to help find 
young gamma-ray pulsars 
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| 34 SPACE EXPLORATION | 


What happened 


Y= (Go nea @ or 


ForiBueie dy 
AMeeee else eme ai em etme) el 
War rivals, the Soviet Union and the 
United States, the Space Race involved 
the fight for supremacy to put the first 
elim nel cem era 

ON M es oma Cos mode em Ce 
launch artificial satellites, unmanned 
probes to the Moon, Venus and Mars 
as well as human spaceflight in Earth 
SAO LM Nee Onlem einem tele) lem Ienert 
landings, the Space Race took a hold of 
the years between 1955 and 1972. 

tebe eerie males lanes 
announcement that the United States 





.s 


eee ie 
Iti Space: 
Elle Margo 
When the Herschel Space Telescope 
peered into NGC 1999 (a region of 
dust and gas) it confused astronomers 
as there appeared to be a hole. Now 
the ‘hole’ in this case 
was not what we would 
WEEE VIM Mine Tea elem UL 
lst me merce me mea 
space. We often think of 
space as a pretty empty void, 
Umea coe erm adele) (eer 
different was because it was in the 
middle of a star cluster. It looked as 
eeVOeel ae Meee ewes iets 
MMM TI Eh 

Current thoughts are that this 
eesti Mel s)e seman y hy 
OOM eM P EAM ete ele) ieee le 
of gas that potentially could have 
blasted a hole right through the 
nebulous cloud. The discovery was an 
important one as it gives us a glimpse 
into how these star-forming clouds 
FIC Mtl je seem | + 
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Em elcoeetinemcs, launch artificial 
satellites for the International 
Geophysical Year, the Soviets 
responded four days latef to say that 
they too would be launching a Satellite 
OOo alest mm ULMe Tom OD mje cli Coe mel 
start of one of the most famous periods 
in space exploration. 

The Soviets won the first round 
at emen aime ele l@ ate melee eell ale heey 
However, later in 1969, the United 
States landed the first humans on the 


Moon before the race concluded when Se Sree ei 
both rivals collaborated on the Apollo- this wap oe al 
aa rare eee WACpeilite Wats 
Soyuz Test Project. GL ee ps 
: Soviets in 1957 





NGC 1999, snapped here 
by the Hubble Space 
Telescope, is a nebula in 
the constellation Orion 
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When will Juno reach 
Jupiter? 
Launched in August 2011, 
the Juno spacecraft should 
arrive at the gas giant during 
July 2016. 


What does OSIRIS-REx 
stand for? 
Planned asteroid study and 
sample return mission, OSIRIS- 
REx is the acronym for 
Origins Spectral Interpretation 
Resource Identification Security 
Regolith Explorer. 


What is the biggest 

comet we know of? 
While astronomers haven't been 
able to obtain a fully accurate 
measurement, Comet McNaught 
(C/2006 PI), or the Great Comet 
of 2007, is said to be the largest 
comet to date. 


How many stars are 
there in the universe? 
While it's difficult to pin down an 
exact number, since we're unsure 
of how big the universe actually 

is, it’s thought that there are 70 
thousand million million million 
stars in the universe. 


How long does it take 
for Venus to complete 
an orbit? 


Since Venus is closer to the 
Sun than Earth, it takes less 
time to orbit our star. The 
planet takes 224.7 days to 
complete one orbit. 


What is a hot Neptune? 
This is an exoplanet that not only 
orbits close to its star, causing 
it to become heated to high 
temperatures, but it is also similar 
in mass to Neptune and in some 
cases Uranus. 


What is the name of 

India's Mars orbiter? 
India’s first interplanetary 
mission to planet Mars, which 
was launched in November 
2013, is known as the Mars 
Orbiter Mission - or MOM 
for short. 








© What is the biggest 
impact crater in the 

With a diameter of 1,550 

kilometres (963 miles), the largest 

crater in the Solar System is the 

Caloris Basin on Mercury. 


‘what is meant by 

Olber's paradox? 
Also known as the dark night sky 
paradox, Olber's paradox argues 
that if the universe is infinite and 
there are so many stars, then why 
isn't the night sky brighter? 


© Will the New Horizons 
mission continue 
beyond Pluto? 

That is the plan. Scientists, 

including the mission's principal 

investigator Alan Stern, intend for 

the spacecraft to observe Kuiper 

Belt Objects. 


— Is it cold on Saturn? 
Saturn's temperature isnt 
massively uniform throughout its 
gaseous layers. Its cloud tops are 
-140 degrees Celsius (-96 degrees 
Fahrenheit) while the core may 
reach 11,/00 degrees Celsius 
(21,000 degrees Fahrenheit). 


© What is a Catadioptric 
telescope? 

These instruments work by 

combining the best features of 

refractors and reflector telescopes. 


” Which type of telescope 
te 





Being Take an very easy to use, 
an Alt-azimuth mount is best for 
a beginner. 


of the first woman 

in space? 
Soviet cosmonaut and engineer, 
Valentina Tereshkova, was the 
first woman to have flown in 
space when she piloted Vostok 6 
in 1963. 
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rounded off 


Miranda's jagged 


surface? 


Tony Huntingdon 


Uranus’ moon, Miranda, is too small for 


gravity to have rounded off the jagged 


surface. It is believed that Miranda is an 


ice moon, with 1,000 times less mass 


than the Earth's Moon. In its past, tidal 
heating due to the extremes of its orbit 


allowed the interior ice to melt, and 
behave in a similar geological way to 


the crust and mantle on the Earth. This 


produced the breathtaking landscape 
of large ice canyons, rifts and ridges 


Why hasn't gravity | 





leaving 
a jagged 
icy surface. 
However, 
with such 

a low mass, 
gravitational 
heating is not enough 
to melt and round off 
these edges, so they remain as 
they are, a legacy of Miranda's more 
violent past. SA 


ert en orbits? ’ 


Pete Me Celie 


The orbit of a satellite is carefully chosen dependant on the purpose of a 
satellite. At different orbiting heights, satellites circle around the Earth at 


ObbiC est @ej elle roe 


At only a few hundred kilometres up, objects in low Earth orbit (LEO) must 
move very quickly to prevent being dragged back down by gravity. Satellites 
put into LEO are ones that need to collect or send data all over the Earth as 
MSO ETO MONO Meteo ii UMC COM Mi melee tele 

If we do need a satellite that focuses on a certain region, we can choose 


to place an object at approximately 36,000 kilometres (22 


Eevee eich 


from Earth in a geostationary orbit (GEO). In GEO, a satellite orbits with a 
speed equivalent to the Earth's rotation allowing a constant view of a single 


area somewhere along the equator. ZB 



































Moon of Uranus, Miranda, has a 
breathtaking landscape of large 
ice canyons, rifts and ridges 
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How can 
I picture 
e space 
telescopes that 
are currently 
in Earth-orbit? 


Jonathan Warner 

Imaging space telescopes and 

other Earth-orbiting satellites 

can be done with a multitude of 
setups, the most common being a 
telescope and SLR camera. Many 
Earth-orbiting objects can be seen 
from the ground using just our eyes 
and many others if you use some 
simple enhancements such as 
binoculars or a telescope. Amateur 
astrophotography has been a fast 
erowing and widespread endeavour 
and there are a multitude of 
resources to help out. 

My advice would be to start with 
some simple ‘by eye’ observing, 
maybe look at investing in a 
good pair of binoculars or small 
telescope then move to taking 
a few images. There are many 
communities online but also local 
astronomy clubs can be great at 
introducing you to this hobby. JB 





Ps) 


Imaging many Earth-orbiting objects will 


require a good camera such as a DSLR 
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° cer oy aS ys re c 
wi ny stats ifwe were 
wig os iin cluster 


What would i ' ‘be like to 
live in a globular cluster? 


Terry White 

If we were able to put our planet 
around the Sun and put it straight in 
the middle of a globular star cluster, 


like 47 Tucanae, our night sky would be 


teeming with many stars. 

In the case of 47 Tucanae, which 
has millions of members, stars would 
still appear as points of light since, due 
to their distance, they would not have 


- @’s SOLAR SYSTEM 





diameters that are easily resolved by 
the human eye. They would also be 
more than a thousand times brighter 
than Earth's nighttime star, Sirius. 


To live on an Earth in a globular 


cluster would mean that the cluster's 
stars (if they were like our Sun) would 
combine to create a night sky at around 
20 times brighter than Earth's night sky 
at full Moon. GL 


Could our Sun havea 
companion star? 


PALER ea 
According to theorists, such as 
Richard Muller of the University 
OTe env emia cleat a mM Teen 
be possible that our Sun has a 
companion. However, no concrete 
evidence has been found to indicate 
its existence, 

Hemi em leh bee Oe 
alongside several other leading 
scientists of the time, noticed that 


Does our Sun have 
a ‘nemesis’? 


extinctions on our planet seemed 
to fall in a specific pattern and 
occurred more frequently every 26 or 
PAM emo ee 

The speculated companion 
eet em hla p plac) een mele ]er su lme Coma eal ae 
be a brown dwart of a dwarf star, 
which in its orbit, disturbed debris 
from the Kuiper belt or comets 
from the Oort Cloud, sending them 
hurtling towards Earth. GL 
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$8 What's in 
the sky? 

Things to look out for in 
the night sky this month 


36 Meteor 
shower viewing 
Get ready to observe the 
best show not on Earth 


96 Astronomy 
kit reviews 

This month's essential 
astronomy kit revealed 


90 Me and my 
telescope 

Our readers showcase their best 
astrophotography images 


64 Spotting 
scope astronomy 
We look at using these 
cheap and simple scopes 





scope 


| ff The larger the objective lens, the 
better. If you are on a budget, 
then you are best off buying a 
higher-quality telescope with a 
smaller objective lens. 





Think about what you'll use 
your spotting scope for. If you 
are looking to observe deep- 
sky objects and won't use the 
spotting scope past astronomy, 
then you're better off buying a 
conventional telescope. 


Sf You should always consider the 
weight of a spotting scope. If 
you're looking for something 
suitable for travel, then the 
lighter the better. 


There should be coating on the 
lenses to ensure there's no light 
loss and to reduce glare from 
reflection. This usually means 
the scope will produce brighter, 
clearer images. 


a If you wear glasses, then special 
attention to eye relief is a must. 
This is the distance between the 
eye lens and the point where the 
pupil is positioned over the full 
field of view. 


Buy your spotting scope from 
a reputable dealer - they will 
be able to offer you advice in 
picking the correct spotting 
scope for you. 





Often overlooked, these compact 





scopes provide a cheap alternative to 
telescopes for basic astronomy 


Spotting scopes: the nature-watcher's 
ultimate piece of equipment, equally 
useful for studying a herd of antelope 
in Africa or a bird flitting from tree 

to tree in the countryside. When day 
turns to night, these observers of 
nature head home, as there's nothing 


else to see in the low light. Meanwhile, 


the astronomer is just getting ready 
to head into the dark with the planets 
and stars peppering clear moonlit 
skies. Rather than lug their heavy 
telescopes to that perfectly dark spot, 
however, enthusiasts often favour 
spotting scopes to easily glimpse the 
wonders of the night sky. 

This is a scene not many are 
familiar with. When we picture 
astronomers we see an individual 
Wrapped up in warm clothing 
and huddled over the eyepiece of 
an attention-grabbing Dobsonian 
telescope, or a trustworthy refractor. 












® Eyepieces 


The more-advanced spotting scopes come with 
a zoom eyepiece that can often be removed and, 
combined with the scope's focal length, will provide 
your magnification. 


However, just like a nature-lover, 
astronomers also like to use spotting 
scopes - especially for quick and easy 
astronomy sessions. 

It's true that these compact scopes 
won't give you detailed views of 
deep-sky objects such as galaxies 
and nebulas - at least, not the same 
sights that a decent telescope will 
provide. However, what you will get 
are surprisingly good views of brighter 
objects including the Moon, nearby 
planets and open clusters, under the 
night conditions. 

When it comes to power, spotting 
scopes are supplied with zoom 
eyepieces that reach magnifications 
of up to 60x and often higher. These 
can be removed to make way for 
standard eyepieces that are used by 
conventional astronomical telescopes. 
For night-sky observations, a power of 
at least 60x is a must, however, you 


Spotting scopes are smaller and so 
far easier to set up than telescopes 


Fie — 
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have to be mindful of your spotting 
scope's aperture. This is the diameter 
of your device's objective lens - the 
bigger it is, the more light your 
instrument will be able to collect and 
the more enriched your observing 
experience will be. 

The beauty of the night sky means 
that many observers want to capture 
it with cameras. Luckily most spotting 
scopes generally accept a variety of 
digital cameras that can be affixed 
using special adapters. However, when 
it comes to digiscoping, your device's 
stability on its tripod combines with 
the fact that many night-sky objects 
are mere pinpoints on a sea of black 
making viewing problematic. 

Low brightness means that the 
shutter speed for your camera has 
to be quite slow and, as such, you 
must ensure that movement and 
vibrations are kept to a minimum 
to obtain a clear picture. A solid and 
suitable mount to capture your target 
is essential. Additionally, focusing 
requires a degree of experimenting, 
since the small viewing screen on a 
digital camera, combined with the 
dimness of a night-sky object, can 
provide a challenge. 

Due to the fact that they are 
portable, have an ability to capture 
clear images and that they are often 
several hundreds of pounds cheaper 
than a standard telescope, the 
spotting scope has become an 
increasingly common presence 
on the astronomy scene. @ 














Gathering light 

A spotting scope has 

a large, multi-coated, 
objective lens, so it can 
gather much more light. 
This makes the device 
especially useful in low- 
light conditions. 


Angled or straight? 
Straight spotting scopes are 
much easier for beginners to 
use for terrestrial viewing. An 
angled scope (with an eyepiece 
positioned at 45 or 90 degrees) 
is much better for astronomy, 
as these can be mounted and 
easily pointed skywards. 






The astronomer's 
spotting scope 





Water resistance will need a magnification 

Telescopes aren't massively of at least 60x. 
water-resistant because they're 
used under clear skies. However, 
spotting scopes are often used 
in the rain by nature-watchers, 
which means they must be 

highly fog- and water-resistant. 


Digiscoping 
It's possible to 
photograph the 
night sky by 
attaching a digital 
camera, though 
getting a decent 
image takes much 
trial and error. 





Tripod 
The beauty of a spotting scope 
is that it can be used with or 
without a tripod. However, if 
you're using your scope for 
astronomical purposes, it's 
strongly recommend mounting 
the scope on a sturdy tripod. 


- Olivon T650 
spotting scope 
1 Aperture: 65mm 
Magnification: 16-48x zoom eyepiece (removable) 
1 From: www.opticalhardware.co.uk 
Cost: £240 





spotting scope astronomy/ 


“The spotting scope has 
become an increasingly 
common presence on 
the astronomy scene” 
























Bright targets 

To get the brightest 
objects in the night sky, 
such as the Moon, planets 
and open clusters, you 




















Short cool-down 
Many astronomers 
complain about the 
cool-down time of their 
telescopes. Since spotting 
scopes are $0 compact 
and lightweight, they have 
a short cool-down time, 
making them ready to use 
almost immediately. 

























If you enjoy gazing up at the stars on a 
clear night, you might have seen what 
looks like a point of light streaking 
across the sky. “Did you see that? I just 
saw a shooting star,” you might have 
sald to a fellow observer. Technically 
of course these are not stars, but 
meteors, and they are often so fast and 
sporadic that your companion is likely 
to have missed your observation. 
Meteors are made when a piece 
of space debris called a meteoroid, 
micrometeoroid or space dust burns 
up in Earth’s atmosphere. A streak of 
light can be seen when this happens, 
due to the glow of the fragmenting 
object and the trail of burning particles 
that it leaves in its wake. Meteors 
can be seen racing across a clear sky 
during any time of the night and 
from any location. A single meteor is 
unpredictable, so to spot one often 
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creates a wave of excitement. During 
certain times of the year, meteors 

can appear in huge groups, raining 
one after the other through our 
atmosphere in their hundreds, in what 
are known as meteor showers. 

These events occur roughly during 
the same time every year, as Earth 
periodically moves through the 
dusty trail left behind by an active 
or extinct comet. These showers also 
originate from the same point in the 
sky, a radiant located within or near 
a constellation that earns the meteor 
shower its name. Head out in chilly 
November to catch the Leonids racing 
from the constellation Leo or, if you 
prefer the warmer nights, the Perseids 
will offer good views in August, 
hailing from constellation Perseus. 

Many astronomers take great 
interest in recording meteor shower 


thousands of ki 





Speeding through the atmosphere at 
pS ids of kilometres per hour, meteor 
pam showers offer an exciting view for stargazers 


"These are known as fireballs, 
bolides or superbolides" 


numbers, so you might like to 
report your observations - including 
details of their brightness, speed and 
colour - to official bodies such as the 
International Meteor Organization 
(IMO) and International Astronomy 
Union (JAU). To truly get the benefit 
of meteor-watching, you will need 
dark-adapted vision as well as a clear 
Moonless night to catch even the 
faintest streaks of light. However, that's 
not to say you won't see any meteors 
while the Moon is out - you're most 
likely to spot the brightest of the pack. 
There are also the exceedingly 
bright meteors, often hitting 
magnitudes greater than those of the 
planets in the night sky. These are 


fireballs or, if they are brighter than 
magnitude -14, they are known as 
bolides or superbolides. 

When you picture a meteor shower, 
you may wrongly think of many 
meteors bursting out of a single point. 
Viewing a meteor shower requires 
a degree of patience, so hunting for 
these flashes of light turns into a 
waiting game. The Zenithal Hourly 
Rate (ZHR) indicates the number of 
meteors that will appear, with some 
showers ranging anywhere from 
five to 100 per hour. When a shower 
reaches its peak, you might find the 
amount you see varies - not knowing 
what you'll get until you begin hunting 
for meteors is part of the fun. @ 
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Quadrantids 
Constellation: Bootes 
ZHR: 80 per hour 

Parent asteroid: 2003 EH1 





Constellation: Aquarius 
ZHR: 20 per hour 
Parent comet: Unknown 


41/12. Nov 4/5 NO 

Mw (NH) §% (SH) — 
Taurids 
Constellation: Taurus (The Bull) 
ZHR: 5 per hour 

Parent comet: 2P/Encke 
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Constellation: Lyra 
ZHR: 20 per hour 
Parent comet: C/1861 G1 (Thatcher) 


Perseids 

Constellation: Perseus 
ZHR; 100 per hour 

Parent comet: Swift-Tuttle 


Leonids 

Constellation: Leo (The Lion) 
ZHR: 15 

Parent comet: 55P/Tempel-Tuttle 


Eta Aquarids 


Meteor shower viewing/ 





Constellation: Aquarius 
ZHR: 45 per hour 
Parent comet: Halley 


Orionids 

Constellation: Orion (The Hunter) 
ZHR: 20 per hour 

Parent comet: Halley 





Geminids 
Constellation: Gemini (The Twins) 
ZHR: 120 per hour 
Parent asteroid: 3200 Phaethon 











Deck chair 

Hunting for meteors will involve a 
considerable amount of time looking 
up, which can strain the neck. A deck 
chair will keep you at an inclined 
position for maximum comfort - and 
without stressing your neck! 





— 


Warm clothing 

Some showers are only observable 
during the winter months, so you'll 
need to make sure you keep warm. A 
hat, scarf, gloves, along with a thick 
coat are essential for long periods of 
observing - you may also wish to use 
a Sleeping bag. 


Hot drink 

On cold nights it's 
also a good idea 

to keep warm by 
drinking hot liquids. 
Coffee and tea are 
often a popular way 
to keep awake after 
midnight (though 
we prefer a hot 
» chocolate). If 
you can, have 
a nap before 
heading out. 











Red flashlight - 
To be able to see the fainter meteors = 
your eyes will need to be adaptedto + 
the dark. If you are using a night-sky 
map or need to see in the dark, then 
you should use a red torch since the 
light will not ruin your night vision. 
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Around 300,000 ancient stars nestle 
close are in ares paws of 
star sais een el Das (eta ele 





























ln) ce ena i the rey ae 
test tube. M13 sits approximately a 
third of the way down between 
the top-right and bottom- 
s eercial stars. It's easily visible 
ee binoculars. 















eee ad aorta late LO 
eV Teas: 

ohne e the real highlights of the 
astronomical calendar, you should 
look out for around one meteor per 
minute streaking across the sky. These seem 
MORSE UCC BeBe Lene Re mens = HoeeeeteRertl ce RcTel Glan ete Cece amem OTC! 
constellation of Perseus, from which they | read backwards they spell out the Latin 
get their name. A bright Moon is likely to be Inrthern name of the former deputy director of the 
around too, however, which could perhaps Palermo Observatory in Sicily. This is because 
obscure some of the dimmer shooting stars technically you're not supposed to name 
from full view. stars after yourself. 











Wil ois oked sonetaiog. 
the Dolphin is one of the smallest 
ecole late ecm ia ae ead eee) 4a mae 
stars on the right-hand side of the dolphin’s 
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STARGAZER 
Me & my telescope 
























Derbyshire, ay 
ieee ee) a ele ee elec cele 
Cassegrain / Lunt 60THa double-stacked 
solar telescope 

“I'm a member of the Ilkeston and District 
Astronomical society. I took a shot of the ! 
UGG Oman MN Ole MU mh mOr lien CeO) 
through a Sky-Watcher 5" Maksutov-Cassegrain ees 
using ISO 400 and an exposure time of 1/250sec. During 
the day, I imaged the Sun in H-alpha and managed to catch 
surface detail and prominences using a Canon 60D, set to 
ISO 100 and an exposure time of 1/80sec." 








Gary Colville 

Warwickshire, UK 

Telescope: Celestron 127SLT 

teenie Meee Be leenaerr em iUeliCom td blmiltag 
an ultraviolet filter and a solar continuum 
CMON OMe eee eee) nea 
Celestron 127SLT, I turned my attention 

to our nearest star. Using my mobile phone's camera, | 
ORDO eM CORO PAR h cme vt comet mer lime (onli 
sunspots as well as the darkness of clouds just creeping 
across the front of the Sun." 























West Sussex, UK 
| Telescope: N/A 
Mitre ee)enleie te 
image of two frames, 
See eee ene 
the Moon. The Moon 
Sa eee ened le 
lost Mars and so a second shot was 
taken, to overexpose the lunar surface 
but show Mars nicely. Both frames 
were merged in Photoshop CS3. On 

a fixed tripod, I used a Canon 50D 
with a Canon 70-300mm lens at an 
exposure time of 1/2,000sec and ISO 
100 to capture the Moon. Mars was 
IPM PUPS eee delete mee 
and for one second.” 








Send your photos to... —) @spaceanswers ©) photos@spaceanswers.com 











Email the story of how you got 
into astronomy to photos@ 
Spaceanswers.com for a chance to 
feature in All About Space 





Location: Ontario, Canada 
( el Twitter: (@FailedProtostar 


Info: Astronomer for 17 years 





_ Current rig 





‘Tve been hooked on space and 
astronomy since 1994 when, at 15 
years old, | saw a magazine cover that 
showed dark scars on Jupiter from 

the recent comet Shoemaker-Levy 9 
impact. | was amazed that amateur 
astronomers took the photos I saw 
with backyard telescopes and | wanted 
to do something like that myself. 

"T read all the library books on 
astronomy and stargazing that | could 
get my hands on and began to explore 
the night sky with binoculars. After 
receiving my first telescope - a 60mm 
refractor - as a Christmas present, | 
was quickly dazzled by Saturn’s rings, 
the craters of the Moon and the moons 
of Jupiter. 

‘At age 17, I decided to try my hand 
at astrophotography. | borrowed my 
father's 35mm camera, bought some 
Slide film (this was before the age of 
digital photography) and managed to 





1. Use an adapter 


eyepiece of a telescope, 


2. Eyepiece filters 
It's very difficult to hold a Most smartphone 
smartphone steady at the cameras have limited 
exposure controls, so 


Telescope: Celestron NexStar 8SE 

Mount: Computerised single-fork arm mount 
Other: Coronado Personal Solar Telescope (PST), Nikon D7O00 
DSLR, iPhone 4s, Celestron 15x70 SkyMaster binoculars 


take a few properly exposed photos of 


the Northern Lights... 


“| then purchased a new telescope, 


a 130mm reflector, and was thrilled 
by the Ring nebula in Lyra, the M13 
globular cluster in Hercules, the 


Andromeda galaxy and of course the 


Orion nebula. 

“Today | own a computerised 
200mm telescope that allows me 
to photograph and share my images 
of the night sky. For the past three 
years I've attached my iPhone to 
the eyepiece to post images of the 
Moon, Sun, planets and even the 
Orion nebula online. My photos are 
often shared by others on Twitter, 
and it’s been extremely rewarding to 


receive positive comments from non- 


astronomer friends and family who 
had no idea that “ordinary people” 
could see so many amazing celestial 
objects from their backyard!" @ 





Andrew’s top three tips 


3. Record video 
Once you're able to take 
steady, properly exposed 
images, record short 


so it's worth investing in usea variable polarising videos of the planets. 


a special adapter to do 


purchase online. 


Moon filter to properly 
it, Many are available for expose the Moon and 
bright planets. 


Those video frames can 
then be stacked to show 
additional detail. 


sd 


Wa lelee A Ban lemme) eT E Len 
photographic setup: a computerised 
200mm Schmidt-Cassegrain 
telescope with iPhone attached 


BOSE R eae oe ee 
reel Commer lo selene ss 
throughz0Omm telescope with 
NightCap Pro app" 


“Comet Hale-Bopp in March 1997. 
seca RCs Ue Rael eee 
mounted 35mm camera” 


“Saturn in May 2013. Stack of 
ten frames from video taken 
with iPhone 4s through 
200mm telescope" 


<4 
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“The Horsehead and Flame nebulas 
(Serre VCS Cece Amy 
nani DORs) leat hom 


“A congregation of 
VAS e HRN arlay 
Tie acB Cee Rico 


“My favourite galaxies - 
M81 and M82” 


“The Rosette nebula... This : 
nebula is beautiful and full of 
SU Mer eel eelecta 6 od 


“The Orion (M42) and Running 
Man (NGC 1977) nebula. I love this 
area of the sky" 
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Stargazing stories 






last five years 
| Current rig 


Bill Schlosser 


Ss :~ Location: Michigan, USA 
gs Twitter: @Starman_63 
Info: Astronomer for 20 years and astrophotographer for the 





| Telescope: Meade 14° [/8 SCT, Orion 180mm Maksutov- 
Cassegrain, Astro-Tech AT65EDOQ 

— Mount: Celestron CGE Pro on homemade pier 

Other: DSO camera - OSI 683 WSG-S filled with Astrodon LRGB and Ha/0Q03/S2 


filters and a Lodestar guide camera. Planetary cameras - Celestron Skyns 618M 
with Orion 5-position manual filter wheel and Astronomik L-RGB filters, Imaging 


Source DBK 21AU618.A5 colour 


“The first time I looked through a 
telescope, it was an old Meade 8” 
reflector on a motorised mount. My 
friend had Jupiter in the eyepiece and 
it was seriously life-changing for me. 

| grew up as a child in the Mercury / 
Apollo days (yes, 1 wanted to be an 
astronaut) and loved space. My father 
used to take us to Lake Erie outside 
Toledo, Ohio, to gaze at the stars. After 
that first look at Jupiter, 1 was hooked. 
[ joined the US Navy after graduating 
high school and was stationed in San 
Diego, California. Being on board a 
darkened ship in the middle of the 
Pacific Ocean is something everyone 
should experience. The Milky Way can 
be so bright it can cast shadows! 

"In 1994 | joined the Toledo 
Astronomical Society and remember 
seeing Comet Shoemaker-Levy 9 
hitting Jupiter and leaving those huge 
darkened scars on the cloud tops. | 
did not own my own telescope until 
1996 - I purchased a second-hand 8" 


Meade LX200. I remember looking at 
Comet Hale-Bopp through it the very 
following year. 

“| got away from astronomy for 
many years until 2007 when | 
purchased another Meade - a brand- 
new 10° LXA2OO! Then it started - and | 
believe all amateurs go through this - I 
began buying and selling one scope 
after another. First it was Ritchey- 
Chrétiens (Astro-Tech), then refractors 
(Including a TEC 140), Maksutov- 
Cassegrains (Meade ETXs, then an 
Orion 180mm) {until I got] my current 
14° {/8 Meade. 

“In 2009 | wanted to try my hand 
at astrophotography. I've gone through 
a huge learning curve and many 
different cameras until the ones I own 
now. I'm friends with Jason Ware on 
Facebook - he takes amazing DSO 
images - and | look at Damian Peach's 
planetary shots and these are what I'm 
working on duplicating now - albeit 
with a long way to go." @ 


‘T've gone through a huge 
learning curve and many 
different cameras” 





Make sure you ask 
questions - many 
astronomers love to 


Bill's top three tips 
1. Joinalocalclub  2.Make sure you 
have a good mount [almost gave 

If you don'thavea good astrophotography up 
and steady mount, your _—s right at the start. But 





3. Be patient! 


share experiences and results will suffer. Learn with the advent of many 


equipment that will 


to align it correctly - it's —_— tutorials online, on sites 


allow you tochoose the the mostimportant thing such as YouTube, it’s 


right telescope. you can do. 


easier than ever now. 
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The universe in 
_ your nands 


The Big Ba nie. ‘Aguide tothe un universe 
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BUY YOUR COPY TODAY 
Print edition available at www.imagineshop.co.uk 
Digital edition available at www.greatdigitalmags.com 
















Available on the following platfonms 


facebook.com/ImagineBookazines twitter.com/Books_ Imagine 


Pig hye? 
WITH TR150- 
10 TRIPOD 


Start your exploration of the night 
sky with this latest spotting kit 


Courtesy of Optical Hardware (www. 
opticalhardware.co.uk), we've got the 
newly launched Olivon T650 spotting 
ae) em eel ulate em ieee ee Oe 
tripod up for grabs! 

WNiCo Mow iO (olan i (ace Bene l etme | Coe eR 
high-resolution, 16-48x zoom 
eyepiece along with BAK4 prisms 
for clear and crisp views. It's perfect 
for those starting out in astronomy, 
but also ideal for bird-watching 


and digiscoping. Its 1.25" standard 


eyepiece fitting enables telescope 
eyepieces to be attached, which can 
target objects such as open clusters, 
planets and the Moon. 

Combined with its lightweight, 
fully waterproof and fog-resistant 
Gotta PNT EOL eee teetee) oom Cede 
with a three-way pan Olivon TR150-10 
ag) orale oNR EU Cor M bom boo] oye t) emo 
rewarding astronomy. 


To be in with a chance of winning, all 
you have to do is answer this question: 


atte Rey el 


fel ag eS 
the hottest? 


A: B-type B: O-type C: G-type 


Enter online at: 


spaceanswers.com/ 


erate eit 


Visit the website for full terms and conditions 








Olivon T650 
spotting 
scope 


This lightweight telescope 
alternative could be just the 
thing for flexible observing 





Spottin 
scope advice 
Cost: £239 /$N/A 

From: www.opticalhardware.co.uk 
Type: Angled 

Aperture: 65mm 

Zoom eyepiece: HR 16-48x 
Spotting scopes aren't generally 
associated with professional 
astronomy, but the Olivon T650 
provides the perfect middle ground 
between a pair of binoculars and a 
dedicated night-sky telescope. 

While this spotting scope’s 65mm 
objective lens limits it to easy-to-spot 
objects, such as the Moon and the 
brightest stars and planets, we were 
not disappointed as we exchanged the 
removable 16-48x eyepiece for a 1Omm 
Plossl and turned the spotting scope 
to a third-quarter Moon. We were 
delighted to pick out excellent, crisp 







detail of the lunar mare and craters 
along the Moon's terminator and edge 
in extremely high resolution. 

We also noted that the nitrogen- 
filled body and the compact design 
meant the scope had cooled quickly 
and we experienced no fogging. 

Its weather-proofing, unlike most 
telescopes, also makes it ideal for use 
in the field. 

The Olivon T650 isn't aimed at 
pure beginners, the price for just the 
tube without the tripod is a good 
indicator of that. However, we felt that 
its lightweight yet sturdy design, high- 
resolution views and ease of use are 
huge selling points. If you're an avid 
nature-watcher and have only just 
begun dabbling in astronomy, then 
this is the spotting scope for you. If 
youTe very focused on astronomy, on 
the other hand, then we recommend 
purchasing a cheaper pair of 
binoculars or a dedicated telescope. @ 
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LO eer ee 

Any question you could have in 
TUCC MU OEDM UNMET COUT em entem nn leval 
Sg eee ae ee | 

AN (ee OOM ON wel eee Ome 
through to the seasoned astronomer, 
the way this book has been illustrated 
means it's suitable for all. 

It's common that beginners will 
a)thee mt) (—-e 00) Pelee) med IN mene) yy 
much about using it. Authors Guy 
Consolmagno and Dan Davis solve 
OVem aCe) een m eh mal enn ele malate 
dato OnLe im DOLCcC oie Ter eM Ont ets nA 
arpa) GAN ded) eel ene Dare 
Viele) Mom enj sco 
more, plenty of information on 
specific objects is an excellent and 
thoughtful addition. 

Opening the book under a red 
TEENA OMB COUN eN ec elm @n eta 
weren't washed out - this is vital if 
you want to use this guide during an 
ee A leree Te N PLO COLeL Mme POINT 
Vimth err emucie me 
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Plus 10x50WA 
Cost: £80 / $N/A 
From: www.sherwoods-photo.com 
Sweeping the Milky Way and targeting 
a selection of star clusters in June's 
night sky, we were treated to crisp and 
clear views of a selection of targets 
during our observations. 

While the optical capabilities of 
the device were excellent for the 
eae cer mete UNO MOOT en lel 
of the exit pupils quite odd since 
AGL IMAC NTE Chm Celle le meet eD 
because they weren't nitrogen-filled 
we worried that, over time, moisture 
might get into the binoculars without 
adequate protection. 

With the 6.5-degree angle design, 
multi-coated optics and BAK4 prisms, 
we able to target globular cluster M13 
in constellation Hercules and could 
even pick out a fuzzy blob with a 
well-defined centre of stars in a right- 
angled triangle. A couple of seventh- 
VETO Mee ede Pe Come mee) 
while Mars and Saturn appeared as 
Fifi eke me hmesleioiicnme | 





eer 


ei eee OO OL 
At this relatively low price, we weren't 
expecting this Olivon tripod to be 
SUE TOON OMe er A ae eli eme) oT 
receiving the TR15O and TRH-10 all 
neatly included in a case, we were 
impressed with the design and ease 
of use when fixing a spotting scope or 
TIMOR Le 
Wile Waele Rdoo eh merle) oe 
us to pan and tilt, but the orientation 
from landscape to portrait was a 
SIUM ec OLiMO eee M (om eltbn eee 
we had to steady the very lightweight 
tripod before we could make any 
Arlee) OO) em ees e ene 
Meter elA Ve (me) nnd mene 
SOON COM) i ol em OOO Le Ted e| 
Jee GGli eee) eee PM eerie 
Granted, this tripod didn't match 
up to the more-expensive versions 
that you may have come across, but 
if you've just got yourself a spotting 
scope or are new to nightscape 
FRAO) eee Cecae: Sah er UMN Mae e elem 
certainly value for money. @ 


Must-have products for re ling and 
experienced astronomers PII 












ran 
AE aA 
Cost: £1.99 / $2.99 
If you have difficulty finding your 
way around the night sky and you 
ee Cr Reema mee eller 
the next best thing. This app is able 
to work out the exact location, as well 
as the celestial object that you point 
Vettel wie Ol Maelie ela ehecein 
eho) bo COOMBS |B) Tem VOU Cem ATI em ate 
object that you wish to locate. Using 
a GoTo, we followed up the RA and 
Dec co-ordinates to see how accurate 
it was. We were impressed to find 
that, on harnessing the iPhone's GPS 
capabilities, it was almost spot-on. 
‘ewer em mene eo ade tian 
Hemisphere, but that didn't stop 
TBA eM Sie sire le me See) bt 
and constellations down south, as 
we pointed Star Walk downwards 
FDO M CMO Cam CORON om ere) a (en 
of countless objects in the other 
hemisphere. The touch screen enabled 
us to learn more about the objects we 
were seeing - excellent for learning all 
about the night sky. @ 


















Chandrasekhar poses for photographs } 
outside the University of Chicago, having 


just received the 1983 Nobel Prize in 
Physics, joint with William Fowler. 


ubrahmanyan 


Chandrasekhar 


The Nobel Prize-winner who rewrote 
the rule book on stellar dynamics 


That name might ring a bell if 
you don't Know it already: his 
most-recognised legacy was the 
Chandrasekhar limit. This describes 
the maximum mass of a white dwarf 
star, although this Indian national 
and naturalised American contributed 
much more to physical science. 

Born into a family of ten siblings 
in the Punjab province of India, 
in October 1910, Subrahmanyan 
Chandrasekhar’s stellar career in 
physics got off to an early start. His 
lineage could be traced back through 
a line of academics and intellectuals: 
his grandfather was a mathematics 
professor, while his paternal uncle was 
Sir Chandrasekhara Venkata Raman, 
who earned the Nobel Prize in Physics 
in 1930 for his work on the scattering 
of light. His name is now given to 
the phenomenon known as Raman 
scattering that he discovered. 

Chandrasekhar's early interest 
in physics is credited in part to his 
mother, who herself was keen on 
promoting academic pursuits in her 
children. His education took him 
through one of the oldest secondary 
schools in south India, the Hindu 
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High School in Chennai, before he 
moved on to Presidency College. It's 
here he wrote his first paper, called 
‘The Compton Scattering And The 
New Statistics’. He graduated in June 
1930 and was awarded a scholarship 
in July to study at the University of 
Cambridge, England. It was here he 
began to make waves in astronomy. 

As someone who was primarily 
concerned with systems and 
the methods by which scientists 
study and structure their research, 
Chandrasekhar was able to turn his 
intensely logical mind to bringing 
greater definition to existing theories 
in many different areas. He studied 
under the great quantum physicist 
Paul Dirac, who recommended he 
spend the last few months of his post- 
graduate studies in Copenhagen, at the 
Institute for Theoretical Physics. Here, 
Chandrasekhar met another great 
20th-century physicist: Niels Bohr. 

By this point his work had attracted 
some attention and earned him 
several awards. He gained a fellowship 
at Trinity College, Cambridge, 
where he had a dispute with Sir 
Arthur Eddington, who challenged 


Chandrasekhar’s mathematical 
interpretation of degenerate physics 
in dwarf stars. This was a precursor to 
the theory of black holes and, at the 
time, a seemingly ridiculous concept 
(even though Chandrasekhar would 
later be proved entirely correct). The 
dispute, combined with the spread 

of Naziism across Europe in the late 
1930s, prompted Chandrasekhar to 
look overseas for work and he decided 
to move to America. 

In 1937, Chandrasekhar was 
employed as an assistant professor 
by the University of Chicago, where 
he remained for the rest of his career. 
He turned his mathematical prowess 
to the war effort in the early 1940s, 
contributing to the manufacture 
of materials that would ultimately 
become part of the world's first 
atomic weapons. Following World 
War II, he became an American 
citizen and continued to make 
considerable contributions to physics 
and astronomy. He studied black hole 
theory in the 1970s, resulting in a 
paper on "The Mathematical Theory Of 
Black Holes’. In 1983, Chandrasekhar 
was finally vindicated in his 50-year- 
old argument with the late Eddington, 
as his paper on the upper threshold of 
white dwarf stars won him the Nobel 
Prize in Physics. 

Chandrasekhar died of a heart 
attack in his adopted city of Chicago 
on 21 August, 1995, aged 64. His 
work formed the core tenets of stellar 
dynamics and today is central to 
understanding the evolution of stars 
and what happens when they die. @ 
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What forces molded the universe? Are those forces still at work, 
removing, changing, or adding heavenly bodies even as we gaze upward? 
Will humanity, and Earth itself, one day be gone? Are we alone? 

In an era when science journalism is perhaps more thorough and 
ambitious than ever before, fascinating explorations of questions like 
these seem available to us almost every day—provided we have a 
working understanding of the scientific theories on which 

they re based. 

In this lecture series, Professor Neil deGrasse Tyson, the astrophysicist 
who directs the nation’s most famous planetarium, makes that 
understanding available to anyone. My Favorite Universe is a spirited 
and intellectually engaging journey through the cosmos and its history, 
from before the big bang to the likely ways in which Earth, and perhaps 
the entire universe, might end. 
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Course no. 158 | 12 lectures (30 minutes/lecture) 
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DVD £29-99 
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For 24 years, The Great Courses has brought 
the world’s foremost educators to millions 
who want to go deeper into the subjects 
that matter most. No exams. No homework. 
Just a world of Knowledge available anytime, 
anywhere. Download or stream to your 
laptop or PC, or use our free mobile apps for 
iPad, iPhone, or Android. Over 500 courses 
available at www.thegreatcourses.co.uk. 
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Now you can leave your hand control 

behind and slew to all the best celestial 
objects with a tap of your smartphone 

or tablet. Connect your device to NexStar 
Evolution’s built-in wireless network and 
explore the universe with the Celestron 
planetarium app for iOS and Android. 


6", 8" or 9.25" SCT. 

























Available from specialist astronomy retailers and selected other dealers nationwide. 
Celestron is distributed in the UK & Ireland by David Hinds Limited. Trade enquiries welcomed. 


Wwww.celestron.uk.com 
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